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Frontier developments by Standing and 
Hoogenboom have been incorporated 
in a scintillation spectrometer system, 
capable of exceptional spectrum read- 
ability. Low-level pulses, completely 
freed of photo tube and amplifier noise 


or spectral lines largely freed from 
masking background,are presented for 
precision quantitative counting. 
Coincidence gamma rays may be 
exhibited entirely as line spectra with 
improved resolution. 


Photo tube and amplifier noise eliminated 

Spectral lines largely resolved of masking background 
Coincidence decay schemes readily determined 
Improved line resolution for coincident X-rays 
Coincident X-rays exhibited entirely as line spectra 
Unprecedented spectral purity for quantitative counting 
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Critical experiments are now being conducted by B&W nu- 
clear physicists to verify the reactor parameters of LMFRE-1. 


B&W PROGRESS REPORT= LMFRE 


POINTING THE WAY TO: 


High thermal efficiency « Low fuel costs « Low operating costs 


Critical Experiments for the Liquid Metal Fuel Reactor 
Experiment are now underway at the Babcock & Wilcox 
Laboratory in Lynchburg, Va. The LMFR, one of the most 
advanced ‘reactor concepts being sponsored by the AEC, 
will operate without fuel elements, and its high temper- 
ature, high pressure steam will result in higher thermal 
efficiencies than are possible with most other types of 
reactors. Low reactor operating pressure makes possible 
lighter, less elaborate, and less expensive reactor com- 
ponents. 


In 1956, the AEC awarded B&W a prime contract to 
design, develop, build and test-operate an experimental 


facility of this type. The ultimate goal is a large land- 
based reactor of either the breeder or converter type. 

To realize this goal, the Brookhaven National Labora- 
tory and B&W are working together in the study of such 
factors as the stability and corrosion of uranium-bismuth 
solutions and slurries. Remote maintenance methods are 
now being developed and core parameters are being 
established and verified. 

The orderly development of this program is another 
example of B&W’s leadership in nuclear technology. 
The Babcock & Wilcox Company, Atomic Energy Divi- 
sion, 161 East 42nd Street, New York 17, N. Y. 
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Complete nuclear systems, cores, components, fuel elements, nuclear research and development 
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Requirement: Bond Integrity. Ultrasonic immersion testing equip- 
ment, designed specifically for our non-destructive testing use, checks 
bond integrity and soundness of fuel cladding. 


Requirement: Dimensional Accuracy of Machined Parts down 
to 0.0001 Inch. Surface plate and electronic height gauge used to 
assure accurate measurement. 





Requirement: Determine Sub Microgram Quantities of Fissionable Uss 
Surface Contamination (to 0.00000000! Gram). The largest interna! 
chamber proportional counter ever made is successfully used to 
determine surface activity from fissionable materials on flat-plate type 
and ribbon type fuel elements. 


ATOMFAIR 

Visit our display at the 1959 Atomfair... 
Booth 112, Public Auditorium, Cleveland, Ohio, 
April 5 te 10. 


Inside 
Story 


OF FUEL 
ELEMENT 
QUALITY 
CONTROL 


at M&C 
Nuclear, Inc. 


To assure the quality desired by 
reactor designers, we are experienced 
with every quality control test de- 
veloped for the nuclear fuel industry. 
And we have created and used new 
tests and control equipment for our 
customers’ special requirements. In 
addition, complete records are main- 
tained for quality assurance of the 
final product. 

Quality control services include: 

Analytical Testing using emis- 
sion spectrographic, x-ray spectro- 
graphic, chemical analysis and gas 
analysis testing equipment. 

Metallurgical Testing using metal- 
lography, physical testing, and pho- 
tographic techniques. 

Non-destructive Testing including 
eddy current, ultrasonic, immersion 
ultrasonic, and helium leak test; as 
well as surface activity measurement 
and corrosion-tested sub-assembly 
surface checks by panoramic camera. 

Dimensional Measurement using 
gauges checked, developed and main- 
tained by our gauge laboratory. 

Our services are available for the 
development and manufacture of 
quality fuel and core components for 
projects, large or small. New catalog 
available on request. Write: 


M&S 


P. O. BOX 898, 


Requirement: Structure Determination. The 
metallographer determines and records the 
structure, grain size, and bonding of metallo- 
graphic samples taken after each critical phase 
in the manufacture of fuel elements. 


Requirement: impurity Trace to 0.00000! 
Gram Accuracy. Optical spectrograph used 
in the quantitative and qualitative analysis of 
alloying and trace elements in all metals use 
in the final product 


Requirement: Dimensional Accuracy of 
Fuel Plate Assemblies to .001 Inch. Custom 
equipment to check and auto-record water chan- 
nel spacing of fuel plate assemblies. Close di- 
mensional accuracy of the fuel plates is carried 
through to the fuel assembly to assure the qual- 
ity of the finished product. Pp 


NUCLEAR,INC. 


ATTLEBORO, MASSACHUSETTS, U.S.A. 


FUEL ELEMENTS, CORE COMPONENTS, COMPLETE CORES 
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Join the Team 

NUCLEONICS is looking for an engi- 
neer with working experience in reactor 
technology to add to its editorial staff. 
Since you may be the man we are look- 
ing for (or may know such a man), 
we'd like to tell you a bit more about 
the qualifications we We'd 
like an engineering graduate who has 
had direct experience with the compo- 
nents end of the nuclear 
Perhaps he has helped specify valves 


desire. 


business. 


for a primary-coolant system or maybe 
he has done design and specification 
work for 
Experience as an editor is not impor- 
tant in itself, though we 
surprised to find that our man had 
worked on_ his 
magazine or at least enjoys writing and 


heat-transfer equipment 


wouldn't be 


college engineering 
has some feeling for what good writing 
should be like. We feel we have a lot 
to offer here at it’s an 
exciting and busy life that permits you 
to get a broad view of developments in 
the nuclear field. detail 
on just what our editors do, you might 
want to look back to this department 
in the May 1956 issue.) 

If you fit the above specifications, or 
if you are so good that you think we’d 


NUCLEONICS 


(For more 


want to-bend our specifications to meet 
yours, please write The Editor, Nvu- 
CLEONICS, 330 West 42nd _ Street, 
New York 36, New York. 
Containment 


Nothing symbolizes a nuclear power 


plant so clearly as its containment 
shell. 
the need for containment, all would 


Though some have questioned 


agree that any containment shell that 
is built should be built soundly. On 
the other hand, containment shells are 
expensive and any economies that can 
be effected in 
indeed. 


their construction are 


welcome From a wealth of 


reactor-containment engineering ex- 
perience authors Bergstrom and Chit- 
assembled the review 


tenden have 


on p. 86—we commend it to your 


attention. 


Nuclear Reactions 

On the page after next, under the 
“Nuclear Reactions,” you 
our revamped ‘Letters”’ 
The “Letters” 
ment used to be located some place 
in the back of the book, and that may 
be one of the reasons why we didn’t 


heading 
find 


department. 


will 
depart- 


often enough get the lively exchange 
of opinion that one would like in a 
this kind. We hope that 
you will emulate the 


forum of 
more of three 


gentlemen whose contributions we 
carry this month and give us a piece 


of your mind. 


Cleveland Again 

As our high-information-density 
story on the upcoming Nuclear Con- 
gress and Atom Fair points out, the 
nuclear industry has met in Cleveland 
This 
1955, NUCLEONICS will be 


before—in 1955 to be precise. 
year, as in 
among those exhibiting at Cleveland. 
booth 607. To find 


your way, use the handy tear-out map 


Our number is 


that is located on page 97. 


The Editors 


Crystal counters. Diamonds were a 
friend ten 


years ago —they were one of a group 


nuclear physicist’s best 
of crystalline solids whose enhanced 


pulsed conduction when _ irradiated 
gave promise of being a very useful 
particle detector. Among the advan- 
tages noted in a comprehensive review 
article were small size, low resolving 
time, high stopping power and high 
Since not all 


diamonds counted and since there was 


ionization efficiency. 
at least some evidence that the best 
counters were those of gem quality, 
(and hence expensive), there was an 
inevitable trend to other crystalline 
zine sulfide, silver halides, 
sulfide them. 
But none of these conduction counters 


materials 
and cadmium among 
were as successful as the scintillation 
devices that also came into vogue in 
1949, and crystal counters have been 
relatively unimportant since. 

A renaissance may be in order now 
that semiconducting crystalline devices 
are available—the article on p. 116 of 
the present issue, clearly demonstrates 
that some very interesting detectors 
can be made from germanium or silicon 
Robert Hofstadter, 
NUCLEONICS, April ’49, p. 24. 


junction devices. 
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Coming Features in 
NUCLEONICS 


Next Month 
Report on First International 
Fuel Element Symposium 
NUCLEONICS Reactor File 
No. 7—France’s G-2 
Products and Services 
Directory for Euratom 
Sodium-Deuterium Reactor 


Later Months 

Nuclear Instrumentation 
June Special Report 

Test-Reactor Loops 

tapid Activation Analysis 
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Designed to handle with ease a wide range of computational problems, the Burroughs 205 is delivering results 


daily in a great variety of scientific and business applications... from refinery design to inventory control, wind 
tunnel test analysis to insurance premium billing, telemetered data reduction to operations research. The 205 
was selected to work on these and countless other tasks because of its speed, 4080 words of memory, ease 
of program loading, vast magnetic tape storage capacity and multiple-card processing versatility ... features 
which make the 205 today’s best dollar-for-dollar computer value. The 205 is just one part of a complete line 
of Burroughs electronic data processing equipment, helping hundreds of industrial users to save precious man- 
hours and to solve important problems. Write for 205 brochure, ElectroData Division, Pasadena, California. 


Burroughs Corporation 


“NEW DIMENSIONS/in electronics and data processing systems” 
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|| Mr. Chips at Calder 


M1238-1818 — Range 18” x 18", working 
distance 9” to infinity. Reads to 0.001” up 
to 24” working distance. Protractor ocular 
reads to 3 minutes of arc. Image is erect. 


Cut inspection 
time in half 
with new Gaertner 

Coordinate Cathetometers 


These convenient, reliable optical 
instruments permit making precise co- 
ordinate measurements in a_ vertical 
plane. The two dimensions are measured 
with one setting, object does not have 
to be rotated. Inspection time is cut in 
half and resetting errors eliminated. 


Versatile Gaertner Coordinate Cathe- 
tometers are ideally suited for precision 
measurements on large objects; also ob- 
jects or points in recessed, remote, or 
inaccessible locations. Applications in- 
clude measuring jet engine sections, 
complicated castings, printed circuits, 
bolt holes and bosses on large piece parts, 
traces on cathode ray tubes, etc. 


Because these are optical rather than 
mechanical measuring instruments, you 
make non-destructive measurements 
without contact, distortion, or concern 
about pressure being applied to the ob- 
ject when making a setting. Instruments 
available in English or Metric system. 


M1236-46— -——> 
Horizontal range 6”, 
vertical range 4’’. 

Reads to 0.0001", 

working distance 5” 

to infinity. 


Write for Bulletin 188-53 & 194-57 


The Gaertner 


Scientific Corporation 


1267 Wrightwood Ave., Chicago 14, II! 
Telephone: BUckingham 1-5335 


DEAR Sir: 

In the February 1959 
NUCLEONICS, p. 27, there is 
article headed “School Days . 
Shippingport.”” The last 
this article says that it is believed that 


edition of 


on an 
. at 
sentence of 
the Shippingport course is the only one 
of its kind anywhere offering opera- 
tional training at a full-scale nuclear 
plant. I thought you might be 
terested to know that 
running operational courses, 
for British students but also for those 
from overseas, at Calder Hall Nuclear 
Power Station for the past two years. 
K. J. Frost, Manager 
Calder Operations School 
Calder Works, Seascale 
Cumberland, England 


in- 
we have been 


mainly 


Accident in Yugoslavia 
DEAR Sir: 


Your thoughtfulness in sending me 
a copy of the report on the Yugoslavian 
accident [this issue, p. 106] is greatly 
The information 
tained in this report is more systematic 
and complete than what we have and 
inconsistent with any of the 
scattered data in our files. I’m afraid 
we have nothing of importance to add 


appreciated. con- 


is not 


to this account. 

You are to be congratulated on 
It is a real service 
to the whole industry to have such an 


securing this story. 


account and those on other accidents 
that you have been able to carry. 


Cuirrorp K. Beck, Chief 


Hazards Evaluation Branch 

U.S. Atomic Energy Commission 
Washington, D. C. 

[Eprror’s Nore: A copy of the accident 
report included in the article starting on 
p. 106 of this issue was sent to Dr. Beck 


for his comment.] 


A Program for Safety 


DeraR SIR: 


I wish to express my personal belief 
that the article “Statistical Analysis of 
Reactor Safety Standards,”’ by Ernest 
Siddall [NU, Feb. ’59, p. 64], failed to 
state the case for safety improvements 
in the reactor field. 

The fundamental fact of industrial 
safety is that every serious accident 
costs more in injury compensation, 
delay, damaged equipment, etc., than 
the supervisory forethought, selection 





and training of personnel, planning, 
and equipment that would have pre- 
vented the accident. The fear 
“safety-at-any-cost’’ program has not 


of a 


prevented many successful companies 
from maintaining superb safety rec- 
ords. Instead, industrial safety seems 
to come as a component part of good 
management. A poor safety record is 
one measure of poor Management. 
Statistical analysis of accident rates 
can be used in either a positive or a 
negative way. If used in a positive 
way, statistical studies can provide a 
basis for comparison between various 
industries as well as standards for each 
industry and factory. Establishments 
having poor safety performance can be 
singled out for corrective action if 
adequate safety statistics are available. 
A negative use of safety statistics 
would be to excuse accidents on the 
basis that the industry as a whole is 
satisfactory. The fallacy of this ap- 
proach can be illustrated by the Texas 
City, Texas, disaster where the indus- 
tries involved (petrochemicals, trans- 
portation, etc.) were statistically above 
To overlook 
actual safety hazards because of statis- 


reproach. potential or 
tical average performance of an indus- 
try would fall in the same plane as a 
legal system that overlooks crime as 
long as the rate is low. 

Safety statistics clearly show that an 
undue number of accidents befall an 
accident-prone segment of the popula- 
tion. Likewise, if one lists the reactor 
excursions that have been reported in 
the last five years, he finds that there 
are sites that are prominent on this 
list, although other sites having some- 
what similar risks have had no excur- 
If safety 
formance of the coal industry, he finds 


sions one examines per- 
that most mines are safe, but he may 
the ol 


chronically unsafe mines have not been 


wonder why managements 
indicted as criminals. 

Reactor safety begins with a state 
of mind. This state of mind is difficult 
to In Christian 
indoctrination from cradle to grave, 
many of us fail to realize that sinfulness 
It will 
inevitably show up as shortcuts in 
design and construction of containment 
structures; as favoritism in hiring and 
promoting employees; as poor mainte- 


achieve. spite of 


is characteristic of mankind. 


nance; as reckless operation; as laxity, 
cheating, and misrepresentation. 
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The other fields involving great 
public hazard, such as foods and drugs, 
medicine, engineering, transportation 
and public utilities, have accepted 
steps similar to those listed below. 
These are offered as a beginning toward 
a safer reactor industry. 

1. Registration of qualified designers 
and operating personnel, with mini- 
mum requirements based on examina- 
tion, training and experience. 

2. Periodic re-examination of per- 
sonnel and facilities. 

3. A seniority program to reduce 
personnel turnover. 

4. Civil service act for all govern- 
mental employees involved in licensing, 
regulating, financing or evaluating 
safety features of reactors. 


5. Standard codes covering location, | 


construction and operation of facilities. 

The equipment with which a reactor 
may be safeguarded is no better than 
the designer, the manufacturer or the 
operating and maintenance personnel 
who look after it. A mechanic or an 
instrument repairman may redesign in 
five minutes any piece of equipment 
that requires attention. Safety analy- 
ses and statistical studies may become 
obsolete with so little as the installation 
of a clip lead or the turn of an adjust- 
ment screw. A piece of equipment 
that has performed superbly for months 
is apt to become a hazard because of a 
servicing change resulting from vaca- 
tions, rotation of personnel, promo- 
tions, ete. 

There have been many indications of 


hazards in the nuclear industry. Need | 


one begin with the victims who painted 
radium dials and review the entire list 
to prove that the need for safety 
inevitably precedes corrective action? 
If this were not true, there would have 
been no Chalk River, Los Alamos, Oak 
Ridge or Windscale incidents. 

It is human nature to resist curbs; 
consequently, a fully effective reactor 
safety program may be years away. 
Meanwhile, the industry will have to 
experience a continued pattern of 
accidents ranging up to or beyond the 
magnitude established at Windscale. 
If an accident of the magnitude of the 
Texas City disaster should occur, the 
industry may lose the chance to develop 
ite own safety program because of the 
demands of an aroused public. 

-Kart E. Prumipp, Physictet 


Argonne National Laberatory 
Lemont, Il. 
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LOWERS THE SILHOUETTE 


°***RAISES PE 


Showing the KDH-130, with free air displace- 
ment of 130 cfm, superimposed upon the silhou- 
ette of a KD-110, with free air displacement of 
110 cfm. This illustrates how KINNEY horizon- 
tal design gives you more ina smaller peckage. 


HIGH VACUUM 


It’s not miniaturization — but there are important savings in 
bulk and height in the famous horizontal design of KINNEY 
KDH Series Single Stage Duplex High Vacuum Pumps. The 
objective of this development program aims for practical 
economies, smooth operation and greater performance for 
your dollars. You'll like the result... the flexibility it provides 
in designing your system, the simplification in plumbing and 
the smooth efficient performance of these KINNEY Pumps. 
The following table gives you a picture of the KINNEY line of 
Single Stage Duplex Pumps and the broad selection it affords: 





Model Height 


Di 
C.F. 


Hp 
Motor 


Approx. 
Wt. 





KD-30 2 1%" 
KDH-65 new Zz a 
3 4%” 


3454: 
es 


¥ 2%" 
6 734" 














300# 





| KENNEY wes. vivision 





; THE NEW YORK AIR BRAKE earets 


| 3614D WASHINGTON STREET 


BOSTON 30 + MASS. 


for catalog | Please send me catalog of KINNEY High Vacuum 


with data. 
| Name 


Pumps with Engineering charts. 





It’s FREE & 
Company 





| Address 








| City 





a While in Cleveland for the 1959 
e *' Atomfair and Nuclear Congress, 
April 5-10, 1959 


The Swagelok Shuttle Bus Service has been planned for 
your convenience and comfort. We hope it will make your 


stay in Cleveland even more enjoyable. 


The free Swagelok Shuttle Bus Service will operate between downtown hotels 
and the Public Auditorium during the hours that the 1959 Atomfair and Nuclear Congress is open. 
See placards in your hotel lobby for departure time and boarding locations. We invite you to 


visit our Booth No. 333. 
CRAWFORD FITTING COMPANY - 884 East 140th Street, Cleveland 10, Ohio 


Crawford Fittings (Canada) Ltd., Niagara Falls, Ontario, Canada 
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on Gj power for Ley | €J jobs 


Cyclops Cobalt©®*’ unit 
puts 2-3,000,000 volt equivalent 


x-ray on wheels 


oNctinattin up to 12” thick steel 


ooous under *20,000 
oy anywhere 
GET THE FACTS —call any Picker District office (see 


local ‘phone book) or write, telephone or wire Picker X-Ray 
Corporation, 25 South Broadway, White Plains, N. Y. 








o9r everything in industrial radiography 


portable x-ray units—130 KV, 160 KV, 200 KV, 260 KV 


x-ray units—5 to 50 KV, 150 KV (stationary and mobile), 270 KV portable, 
260 KV heavy-duty 


units for isotope radiography—sources, equipment, containers for Iridium '92 
Cobalt 6° and Thulium '7° 


... films, tanks, darkroom sundries, illuminators, everything 
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SETTING THE PACE 


Ente g an entirely new 
field of science involve 
y tirsts but 
erexiitelalsisih maels- Mr tislire 


t' THE FUNDAMENTAL 


DECISION in this case— 
f vert enriched UF~« to 
netal and con 

pounds for use in nuclear 

ate alee nite liiisia daelet muslele 

this decision and acted or 

it before any sizable 
meraal market wa 

evident. As a result, 

Mallinckrodt was FIRST 





. to develop processes meeting requirements for safety 
and criticality. 


. to receive a license from the A. E. C. to convert 
uranium hexafluoride. 


.. to receive a permit from the Bureau of Explosives 
covering the design of shipping containers acceptable to 
the Bureau and the I. C. C. 


. to manufacture and ship uranium metal and compounds 
both domestically and in export. 


. to develop processes for materials with special physical 
characteristics such as UO2 Shot (spherical) and 
UO? Special Dense (for swaging). 


. AND NOW—Mallinckrodt has erected the most modern 
and automated facility for producing ceramic 
shapes of UO>. 
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VISIT OUR BOOTH (NO. 128) AT THE ATOMFAIR— 
APRIL 5-10, CLEVELAND, OHIO 


NUCLEAR FUEL PROGRESS 


Mallinckrodt has been a pioneer on the frontiers of nuclear science since 
1942. At that early date in the atomic age, Mallinckrodt had built and 
operated the first full-scale plant for producing highly purified uranium dioxide. 
This compound—of a purity previously unknown—was used in making 
uranium metal for the first self-sustaining chain reaction at Stagg Field in 
Chicago. Since that time, Mallinckrodt has continuously produced high-purity 
uranium compounds and metol. 


In 1956, Mallinckrodt became the first private firm to produce enriched 
uranium compounds for commercial uses. Since then, Mallinckrodt has 
processed more than 200,000 pounds. . . and has supplied fuel in research 
or production quantities for every private power reactor project in this country. 


Research on new uranium compounds and on improvement of those presently 
in use is continuing. Progress in nuclear fuel development is the goal of our 
entire organization. 


If you have a nuclear fuels project, Mallinckrodt's experienced engineers are 
available for consultation. 


MALLINCKRODT 
NUCLEAR 
CORPORATION ST. LOUIS 7, MISSOURI 
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Reactor 


Components Systems 





ing equipment. . 


tO], am £018); . 


NUCLEAR PROGRAMS 


United . . . a reliable subcontractor for control rod drive mecha- 
nisms, refueling systems, valve actuators and special remote operat- 
. offers the experience, special skills and complete 


integrated facilities of their Atomic Power Department to the 
nuclear industry — and to you. 


We would welcome the opportunity to discuss your particular 
problems or requirements in the development of reactor compon- 
ents for your nuclear programs. 


Hermetically sealed control rod 
drive mechanism using a 60 
cycle power supply to meet 
U. S. Navy requirements. 








CONTROL ROD DRIVE MECHANISMS 
In addition to design, development and manufacture 
of control rod drive mechanisms to your submitted 
specifications . . . United’s continuing research has re- 
sulted in the development of the United Harmonic 
Drive principle a method of transmitting power 
through steel walls by controlled deflection waves that 
produces positive linear motion. Using the new prin- 
ciple, the control rod drive mechanism wall is de- 
flected within endurance limits of suitable materials, 
engaging the lead screw and actuating the control rod. 
The United Harmonic Drive principle gives precise 


eee cARCh.. 


WRITE FOR illustrated folders that 
give full information and specific 
details on the equipment 

and components shown. 


1 inch globe valve with a hand 
operated United Harmonic 
Drive actuator. The actuator is 
adaptable to motorized opera- 
tion. 


motion control with positive position indication and 
offers mechanism and system cost savings. 


HERMETICALLY SEALED VALVES 
United’s Harmonic Drive principle has also been ap- 
plied to valve actuation. The new principle uses a 
United Harmonic Drive linear actuator to position 
the valve plug. Test results on a hermetically sealed 
valve for design pressures up to 3000 p.s.i. at 600°F 
have proven reliability. United Harmonic Drive is 
readily adaptable for a wide range of valve sizes. 


Ce. ee. oe 
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SEE US AT THE ATOMFAIR 
BOOTH 129 


Cleveland Public 
Auditorium 


We're featuring seal welding equipment 
and examples of United’s Harmonic Drive 
applications. 


REFUELING SYSTEMS 


United’s experience in the design and development of 
both wet and dry reactor refueling systems includes 
such projects as submarine reactors, two shipboard re- 
actors and the first large scale commercial nuclear 
power plant (PWR). 


Systems designed and built by United: 


Equipment for replacing individual reactor core ele- 
ments within the submarine Triton’s hull. 


Manually operated equipment for shipboard reactors 
using an underwater periscope for positioning. Equip- 
ment is segmented for easy installation and storage. 


Refueling system for the PWR at Shippingport, 

Pennsylvania. Remote controlled handling tool is 

guided down through 30 feet of water, through y 5 
the vessel head to the hot core. Precisely locates and te spsegrany 5 + ps end extrection 
easily extracts or inserts any of 145 fuel cells even cont Go EEE GF SEMEN, 


. Pennsylvania site. Trolley structure 
those which are offset sharply from one of the traverses canal length ond supports 
10 access ports. vertically sliding extraction tool. 


SEAL WELDING AND 

The design and development of automatic seal 
welding and cutting equipment for nuclear reactors 
is an important activity at United. One such de- 
velopment involved the design and manufacture of 
cutting and welding equipment using consumable 
inserts for the U.S. Navy submarine Triton (S4G). 
Equipment will cut and re-weld 11 inch diameter 
welds on the control rod drive mechanisms at the 
various angles. A control unit provides automatic 
sequencing of welding operations and the design of 
the welding unit allows use in spaces as close as 
134 inches from weld to adjacent mechanisms. 
Equipment can be operated with any or all control 
drive mechanisms in place and its reliability elim- 
inates the necessity for radiographic inspection. 


UNITED SHOE MACHINERY CORPORATION 
ATOMIC POWER DEPARTMENT, BEVERLY, MASS. 


TE ST.... MANTA eee 


Vol. 17, No. 4- April, 1959 





VERT NG AND CIRCULATION GROWTH 


NUCLEAR ENGINEERING 


ae + 


Gases 
Heavy mare CONTROL MATERIALS 








Mining, Milling, 
; 
and Refining ques aarran 


\ 
ORGANIC LIQUID ‘\ ret 


P ELEMENT 
Fuel Element ae 
uel ctiemen A 

i 


a Fabrication: 

















FUEL SUBASSEME LIES 


























- 
a 
x. MODERATORS AND REFLECTORS 
SeRvLulIUM 
GRAPHITE 
HEAVY WATER 
LIGHT WATER 
ORGANIC LIQUIDS 
ere 
P 
INSTRUMENTATION 
— : 
tee ae STRUCTURAL AND 
oe eS SHIELDING MATERIALS 
a “ Be BPA; F ALUMINIUM STEEL 
: BORON water 





CONCRETE ZIRCONIUM 
ere 


L£aD 
STAINLESS STEEL 


ESTIMATED CUMULATIVE EXPENDITURES 


roi REACTOR, EQUIPMENT, FACILITIES HOW NUCLE 


Editorial 
NUCLEONICS is a horizontal publication reaching 





across all industries employing the atom as well as the 





vertical publication of the nuclear industry. The editorial 
breaks down into three broad categories: ATOMIC 
POWER, NUCLEAR ENGINEERING, APPLIED 
RADIATION. Editorial excellence has made NUCLE- 




















: ONICS the authoritative voice in international nucleonics 

. Officially recognized with FOUR Jesse H. Neal Edi- 
i torial Achievement Awards. The first prize award was 
for a 58-page report on “Geneva Atoms-For-Peace Con- 
if ference” in September 1955...the second, for a 32-page 
report on the “British Calder Hall Power Project” in 
4 December, 1956 the third “Nuclear Navy Paces 
Atomic Industry,” in July 1957... the fourth was won 
, for editorials written by editor Jerome Luntz during 1957. 
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HIGH LEVEL GAMMA SOURCES 
RADIATION APPLICATIONS IN 
INDUSTRY AND AGRICULTURE 
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EXTRACTED FROM A CHART PREPARED BY THE ATOMIC INDUSTRIAL FORUM, INC. — 


ONICS SERVES ITS MARKETS 


Circulation 
NUCLEONICS 20,000-plus subscribers fall into the 
following classifications by business and industry : De- 
signers and manufacturers of nuclear reactors, particle 
accelerators, etc. -19.65%; Designers, manufacturers 
and processors for reactors and radiation components 
14.86% ; Users and operators of (a) nuclear reactors, 
radiation facilities and atomic installations -7.75% (b) 
experimental and test reactors and radiation facilities 
3.02% (c) nuclear power reactors facilities -3.86% ; 
Research laboratories, architect-engineering firms, etc. 
14.93%; Industrial users of radiation -10.94% ; AEC 
and other government ~-8.22%; Educational -8.05% ; 
Other, (including Marketing and distribution, financial, 
etc.) -8.72%. Foreign (including Canada), accounts 
for 23.12% of all the totals listed above. 


Advertising 

Advertiser acceptance is the natural result of out- 
standing editorial combined with selected, paid circula- 
tion. The chart at the left shows graphically how 
NUCLEONICS has grown over the past five years, and 
documents its acceptance by industry as the prime 
medium for sales messages aimed at nucleonics markets. 

Write today for new Market and Media Folder. 





Pawling Research Reactor 


a complete reactor company at work 


A reactor company’s ability to gain the best solution with a given set 
of design parameters is proportional to the quality of its experimental 
physicists. This is why NDA maintains an experimental physics group 
that has gained a wide reputation for quality and productivity 

This group's working tools include the Pawling Research Reactor and 
critical facility, a major mathematics center with Datatron Computer 
and a hot lab (10,000-curie capacity) for chemical confirmation of the 
experimentalist’s work. In addition to use of its own facilities, NDA has 
carried out programs based on the high neutron fluxes available at the 
National Reactor Testing Station in Idaho 


Gamma Ray Experiment * 


Control Room, Pawling Research Reactor 


NDA’s experimental physics group conducts complete reactor core 
and shielding physics programs. It also addresses itself to specific 
problems such as exponential and single cell experiments, reactivity 
value studies and related projects to which the experimental physicist 
brings unique insights and skills 

Working for itself and others, NDA participates in reactor develop- 
ment on a broad front. As a result, it offers unusual opportunities for 
experimental physicists and other reactor scientists and engineers 
to grow with the company and the industry. Write for employment 
information 


a complete reactor company 
NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 


5 NEW STREET, WHITE PLAINS, N.Y. 


TEL. WH. 86-5800 


NDA EUROPE 31, Rue du Marais, Brusseis, Belgium 
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of Key Developments in Nucleonics 


AEC, JCAE at Impasse Again on Reactor Policy 


For almost two years the Democratic-controlled Joint Committee on 
Atomic Energy has been pressing the Atomic Energy Commission to 
reach formal agreement on a statement of long-range goals for the U. S. 
nuclear power program, plus a companion policy statement setting forth 


the means of achieving such 
goals. Effective agreement on 
goals was reached last summer 
(NU, July 58, 17), but AEC and 
JCAE are as far apart as they have 
ever been on the level and direction 
of the effort needed to meet those 
goals. 

Furthermore, both sides reported 
last month that staff-level negotia- 
tions aimed at formulating a joint 
policy statement had not only come 
to a dead stop—but no resumption 
was in sight. In its essentials, the 
impasse was this: 

® Negotiating teams led by Gen- 
eral Manager Alvin Luedecke for 
AEC and Staff Director James 
Ramey for JCAE met once early in 
February, failed to make any prog- 
ress, have not met since, Af et 
the AEC side at least—had no plans 
for resumption. As one top AEC 
official put it in mid-March: “It 
would be nice to have a document 
that both we and the Joint Commit- 
tee could point to and say ‘this is a 
program to which we both sub- 
scribe.’ But it isn’t likely to hap- 
pen that way.” 

@ AEC Chairman John A. Mc- 
Cone was standing fast with the fis- 
cal ‘60 and long-range programs he 
described to JCAE in February 
(NU, March °59, 17). The long- 
range segment of the program con- 
tains some concessions to JCAE— 
spelling out five long-range goals, 
providing for a stronger AEC hand 
in construction of reactor prototypes 
and reinstating the second-round 
philosophy under which public 
power can sponsor reactor — 

but falls considerably short of 
Democratic demands. In fact, in 
its capital-subsidy offer for industry- 
sponsored prototypes, the program 
raises a new point of controversy. 

® The Democrats, seeing the 
strong hand of the Budget Bureau 
in both short- and long-range AEC 
programs, have virtually abandoned 
hope of getting truly “joint” action. 
They can be expected, as they did 
last year, to add their own projects 
to the 60 reactor program and—this 
year—to propose certain lines of 
federal policy for the long-range. 
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As Congressional Democrats and 
the Administration (AEC and 
Budget Bureau) square off for an- 
other in their long series of con- 
tests, both sides emphasize it would 
be a mistake to attach much im- 
portance to the brief blowup be- 
tween McCone and Rep. Chet Holi- 
field (D-Calif.) during the 202 
hearings in mid-February. 

McCone took offense at Holifield’s 
criticizing him before he had fin- 
ished testifying on the AEC pro- 
grams. But he apologized for any 
misunderstanding after the Cali- 
fornia Democrat explained he was 
criticizing AEC’s proposed author- 
ization bill, not McCone’s testimony 
as such. 

When hearings on the authoriza- 
tion bill opened a few days later, 
McCone seized the opportunity to 
note “there are no serious areas of 
disagreement.” He predicted “we 
are going to come up with an 
agreed program that we are all 
going to be satisfied with.” Holi- 
ield responded: “There is no reason 
why we can't.” 

The Democrats were particularly 
pleased at McCone’s announcement 
that the proposed sodium-graphite 
reactor at Hallam will go forward 


after all (see page 18). 

AEC took another conciliatory 
step by rewriting its authorization 
bill to include language clearly al- 
lowing a public power group to 
qualify for the small power reactor 
in AEC’s ’60 program under rules 
similar to those of the second 
round. The Commission would 
own the reactor and sell steam to 


the utility. 


Accord Unlikely 

Still, it appears unlikely that Me- 
Cone is prepared—or able—to go 
far enough to make talk of a 
“joint” program realistic. Key 
Democrats fear McCone will be “in- 
hibited by Budget Bureau restric- 
tions” from publicly accepting any- 
thing that goes much beyond AEC’s 
program. Says Holifield: “As far 
as I'm concerned, nothing is going 
to stop the Joint Committee from 
authorizing what it believes to be a 
reasonable and responsible program. 
I suspect what well end up with is 
something halfway between what 
the Committee wants and what the 
Administration is willing to accept.” 

Both JCAE Chairmen Clinton P. 
Anderson and Holifield charge the 
Administration with failure to plan 
for enough projects to follow those 
scheduled for the 1960-62 period, 
and they contend that the program 
faces a serious “loss of momentum.” 

“The Joint Committee,” Anderson 


Pressure builds to take regulatory role from AEC 

A new JCAE-Administration debate broke out last month: Should 
AEC give up its safety and licensing roles in favor of either the U. S. 
Public Health Service or a new federal agency especially created for 
this job? The issue emerged from two weeks of JCAE hearings on 
radiation hazards and workmen’s compensation. 

The opening gun was fired by USPHS, which, with the support of 
a special advisory committee on radiation, has launched an intra- 
Administration campaign to assume radiation safety regulation for 
the federal government. Rep. Chet Holifield (D-Calif.) backed 
USPHS: “I believe the time has come when there has to be one body 
responsible in this field of protecting the public from the effects of 


radiation. 


From the traditional viewpoint, the Public Health Serv- 


ice should be that body.” JCAE Chairman Anderson rhetorically 
asked an American Bar Ass’n. audience: “Have we reached the stage 
in development where AEC should be separated into two agencies 


(developmental and regulatory)?” 


Transfer of AEC responsibility 


for radiation measurement and safety standards to USPHS is now 
under study by the Budget Bureau. 
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has declared, “will want to con- 
sider additional projects both in 
terms of making modest advances 
on existing technology and also to 
proceed with promising reactor 
types through the prototype stage.” 

Holifield takes the position that 
AEC, under prodding from the 
Budget Bureau, is actually trying 
this year to hold net new authoriza- 
tion money as close to zero as possi- 
ble—using cancellations, delays or 
modifications of previously author- 
ized projects to offset new author- 
izations requested. 


JCAE Reactors? 

Since JCAE Democrats have 
made it clear they will not settle 
for the AEC proposals, the program 
enacted this year will probably be 
the result of a tug-of-war between 
the two sides—though it is felt that 
any tugging AEC does will be in- 
spired by the Budget Bureau. 

JCAE spokesmen feel that the 
chief area of maneuver between 
CAE and the Administration will 

e five design studies due from the 
Commission in April and May 
heavy water, nuclear superheat, 
large-scale pressurized water and 
boiling water, and _intermediate- 
sized, organic-cooled reactors (NU, 
July °58, 22). Construction of one 
of these—the heavy-water reactor 
has been recommended in a 70- 
Mw(e) size by the company han- 
dling design (Nuclear Development 
Corp. of America). Both AEC and 
JCAE assume that some construction 
recommendations will be forthcom- 
ing from the other design contrac- 
tors. 

“Commission reaction to these 
recommendations will be the test of 
their intentions,” commented a JCAE 
source. 

Chairman Anderson, in a Senate 
speech last month, offered his own 
reactor choices: 

1. An intermediate-sized, organic 
reactor of 50-100 Mw(e) to prove 
out feasibility of larger versions. 
On this, AEC officials insist that the 
experimental reactor in their pro- 
gram, coupled with the Piqua proj- 
ect, constitutes all the work that can 
be done profitably on this concept at 
present. The experiment will en- 
able the Reactor Development Div. 
to test its belief that a new mod- 
erator should be introduced, per- 
haps graphite. 

2. A D:O-moderated and -cooled, 
natural-uranium reactor. [CAE is 
studying the NDA design for its po- 
tential advantage over the 20- 
Mw(e) reactor projected by Canada. 
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However, AEC is inclined toward 
the view that it would be unwise to 
spend scarce funds on a new D:O 
project when three are already in 
the mill in the U. S. and the 
Canadians have promised full in- 
formation on their experience. 

8. Anderson has also mentioned 
two other reactors without specify- 
ing the types: “We may wish to con- 
sider assistance on a demonstration 
prototype for private construction in 
the size range of 75-150 Mw. We 
may also wish to consider an addi- 
tional second-round proposal for a 
prototype in the 20-60-Mw range 
for construction in cooperation with 
a municipal organization or coopera- 
tive or other public body.” 

Finally, Anderson has listed a 
nuclear tanker among his favored 
projects. 


Capital Subsidy Hit 

Holifield, another JCAE power in 
his role as chairman of the subeom- 
mittee which reviews AEC’s con- 
struction programs, questions two 
aspects of the AEC’s position—the 
capital-grant proposal, which must 
be approved by Congress, and the 
gas-cooled arrangement under which 
AEC has accepted the Philadelphia 
Electric project and scaled down its 
own project. 

In questioning the capital-grant 
scheme, Holifield is at odds with 
Sen. Anderson as well as AEC, be- 
cause Anderson has thrown his sup- 
port behind capital subsidies if made 
available for commercial-type reac- 
tors (NU, March ’59, 78). Holi- 
field, however, has complained that 


the government will not get the same 
patent rights from capital-subsidy 
support of an industry project as it 
gets from research-and-development 
support. He adds: “We _ should 
think a long time before adopting a 
corporate state philosophy. That is 
very similar to what Hitler and 
Mussolini did.” 

In questioning the gas-reactor 
situation, Holifield indicates skepti- 
cism of Philadelphia Electric’s high- 
temperature reactor (NU, Dec. ’58, 
17), which, he feels, “leapfrogs” 
from the laboratory to a sizeable, 
power-producing _ prototype. He 
suggests that JCAE may want, in- 
stead, to authorize a smaller, inter- 
mediate reactor. 


Budget Opposition 

The Administration’s preoccupa- 
tion with a balanced budget (Mc- 
Cone has had to go to the President 
on some points of AEC’s programs) 
has put some pressure on the Demo- 
cratic leadership in House and Sen- 
ate to tone down new-spending ac- 
tions or face a “spender’s label” ac- 
cusation. Though this has affected 
the leadership’s stand on spending 
legislation which has already come 
up this session (the housing and air- 
port bills, among others), it has not 
impressed Holifield. He declares: 
“There are a lot of things more im- 
portant than balancing the budget. 
It would be a catastrophe if the Rus- 
sians score a major breakthrough on 
atomic power while we're busy bal- 
ancing the budget. 

“The Joint Committee is going to 
meet its responsibilities.” 


Hallam revived; Kiewit gets construction contract 
AEC last month reversed itself on the Hallam project—decid- 
ing to go ahead on schedule after earlier announcing an indefinite 


postponement (NU, March ’59, 17) 
Sons, Omaha, as construction contractor for the reactor. 


then selected Peter Kiewit 
Atomics 


International is designing and procuring the nuclear system. 


AEC offers development contract on superheat 
AEC has invited industry to bid on a cost-type contract for en- 
gineering development work on reactor concepts and materials of 
particular promise in the nuclear-superheat program; included 
are fuel materials, steam-separation methods, and heat transfer. 
Proposals are due April 20 at Argonne National Laboratory. 


Euratom plans 4,000 Mw by 1965; bid review starting 
Euratom plans to complete 24 nuclear power plants totaling 4- 
million kw(e) in the next 5-6 years, according to Heinz Krekeler, 


a Euratom Commissioner. 


He placed cost at $1.43-billion, or 


$360/kw installed. Meanwhile, the U. S.-Euratom Joint Research 
and Development Board begins meeting early in April to con- 
sider proposals on hand under the 5-yr, $50-million research effort 
in support of the 1-million kw reactor program. 
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Industry Reports to JCAE: New Reactor Disclosed; 
Reprocessing Aid, Isotope Education Program Urged 

This year as in past years, the “202” hearings before the Joint Com- 
mittee reporting on the “development, growth and state of the atomic 
energy industry” revealed much industrial news in the atomic field. 
Some of the more important, among many, follow: 


Wolverine Active Again 

The Wolverine Electric Co- 
operative of Big Rapids, Mich., 
which has had one reactor project 
shot out from under it (NU, Oct. 
57, 19; June °58, 25), disclosed it 
has been working actively with 
American Standard on its Variable 
Moderated Reactor concept, a re- 
finement of the boiling water reactor, 
and plans to propose a prototy 
(capital cost: $350/kw) to AEC in 
the 5-50 Mw(e) range. American 
Standard explains the VMR as a 
boiling water reactor that is con- 
trolled by raising and lowering the 
level of the moderator water, thus 
eliminating all control rods. Elim- 
ination of control-rod openings in 
the top vessel head also permits 
commercial tolerances in manufac- 
ture of the vessel, for another large 
capital cost saving. The VMR is 
also “designed to accommodate nu- 
clear superheat as soon as the tech- 
nology of higher temperature and 
pressure superheated systems are 
developed”: a superheater can be 
added to a VMR by core design 
change without affecting the mod- 
erator-level control. 


American Standard Busy 

In addition to its VMR develop- 
ment, American Standard also has 
been working on design of a process 
steam reactor for Michigan Chemical 
Corp. This would a steam for 
85¢/1000 Ib, about the same as cur- 
rent cost burning Michigan coal. 
John Linsenmeyer of Am-Stan sug- 
gested that AEC issue invitations for 
construction of a process steam re- 
actor. He also disclosed that his 
firm is consolidating its atomic activ- 
ities and doubling its staff at its 
Mountain View, Calif., labs. 


indian Point Delayed 

The Oct. 1, 1959, earliest, and 
Oct. 1, 1960, latest completion date 
specified for the Indian Point reactor 
plant probably will not be met, 
James Fairman of Con Edison told 
JCAE; AEC is being asked to move 
back both dates by one year. “Our 
best prediction at the moment as to 
the actual date of operation is April 
1, 1961,” he said. Fairman dis- 
closed—in discussing “the hardships 
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of nuclear life’—that the total cost 
of Indian Point, first set at $55- 
million, then $75-million, and a year 
ago at $90-million, is now estimated 
at about $100-million; “the [newest] 
increase is almost wholly attributable 
to price escalation.” 


Reprocessing Co-op Program? 
Fairman also recommended that 
AEC consider a demonstration pro- 
gram similar to the Power Reactor 
Demonstration Program for the 
nascent reprocessing industry. 
“Such a program,” Fairman said, 
“would involve development of a 
concept for a reprocessing plant to 
handle one type of spent fuel ele- 
ment and carrying this concept 
through the experimental stage to 
the construction of a prototype plant 
to be owned and operated by a 
chemical company or other appropri- 
ate industrial unit. Experience with 
a number of relatively small plants— 
each handling a different type of 
spent fuel and each operating at a 
good load factor—might well offer a 
short-range economic solution and 
also point the way to further prog- 
ress. It could also be a method of 
encouraging industrial participation 
since smaller initial commitments by 


industry would be needed.” 


PWR Operation Lessons 

The PWR at Shippingport has 
generated nearly 200-million kwh for 
Duquesne Light Co.’s grid and has 
made two power runs of over 1,000 
hr without difficulty, John W. Simp- 
son, Westinghouse vice-president, 
said. Its operators have learned 
about flux peaking, about the num- 
ber of rods needed for such a reac- 
tor, about plate fuel-element be- 
havior. Of the operating cost of 
$20-million/yr, Simpson said, only 
10% or $2-million is operating cost 
in the normal sense; 45% is core cost 
for fabrication of additional cores, 
and 45% is strictly research and de- 
velopment. Thus far, he revealed, 
110% of the design life of the seed 
has been used up (estimated for 
3,000 hr, it has actually operated 
3,300). The second seed will be 
similar to the first but will have 
boron burnable poison added, will 
be installed late this summer. 


Simpson said PWR could be ~—_ 
cated today for considerably less 
than its $70-million building cost. 


Sober Words from Sporn 

Philip Sporn of American Electric 
Power Co. issued a word of warn- 
ing about overemphasis on nuclear 
power. “Despite the optimistic 
projection of electric energy use and 
the assumption that nuclear power 
will account for over 75% of the in- 
crease in electric energy generation 
between 1957 and 2000, the part of 
the total energy requirements of all 
kinds that is likely to be satisfied by 
nuclear energy in that year is only 
slightly over 20%. This still leaves 
almost 80% of our total energy re- 
quirements to be supplied by con- 
ventional sources ...I believe 
there is grave danger that so great 
an emphasis will be placed on atomic 
power development that we will 
tend to forget the essentiality of 
fostering continued development of 
an adequate supply of coal, oil 
and gas. I have reservations about 
the thesis that it is necessary to re- 
duce the cost of nuclear power in 
this country to a point competitive 
with power from fossil fuels, in cer- 
tain areas, within 10 years. While 
this would be a splendid achieve- 
ment, it is not, in my view, an 
urgent necessity . . .” 


Radiation Education 

Emphasis of the testimony from 
radiation-industry witnesses was on 
education—education of manage- 
ment and the public on advantages 
of using radioisotopes. Samuel A. 
Auchincloss and Ronald A. Bright- 
sen, presidents of Tracerlab and 
Nuclear Science and Engineering, 
respectively, warned AEC that it 
would not get the most out of its 
Isotope Development Program un- 
less it took special steps to reach 
specific industry groups and show 
them how isotopes can be exploited 
in their fields. Said Auchincloss: 
“We are not getting through to 
enough of the eve Mercer peo- 
ple who should use isotopes and 
whose wider use of them could pro- 
duce vastly greater savings than we 
now enjoy. George B. Foster, 
vice-president, Industrial Nucleonics 
Corp., urged the Joint Committee 
to support a public education pro- 
gram. “Certainly,” he suggested, 
“a broadened activity of public edu- 
cation on the facts concerning the 
radiological hazards of isotopes in 
relation to their benefits can be one 
of the most important contributions 
to the entire atomic program.” 
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R O U Wee 


Bettis, KAPL Reorganized; Both Retain R&D Emphasis 


The country’s two huge Fede 
ated nuclear laboratories— Bettis 
organization in recent months. 


rally-owned, industry-built and -oper- 
and Knolls—have both undergone re- 
Since the two (the Knolls Atomic 


Power Laboratory is better known in the nucleonics world as KAPL) 


are national laboratories in all but 
name and breadth of scope, any 
major organizational change affect- 
ing either is of significance to the 
nuclear industry. With both sub- 
ject to shakeup recently, NUCLE- 
ONICs interviewed the heads of the 
two laboratories. 

The two reorganizations are bas- 
ically different: the one at Bettis is 
internal, the one at KAPL external. 
At the Westinghouse-built and -op- 
erated Bettis Lab at West Mifflin, 
Pa., on the southern outskirts of 
Pittsburgh, the project-by-project 
setup was mele y in favor of two 
project groups, a 4-man senior staff 
with broad powers, and five support- 
ing departments. At Schenectady, 
where General Electric has built and 
operates KAPL, deputy director 
Bascom H. Caldwell took over the 
reins from Frederick E. Crever and 
will report to the Turbine division 
instead of the Atomic Products di- 
vision of GE. 


At Bettis 

“We today have the challenge of 
improving what exists.” 

In these simple terms, John W. 
Simpson, a statesman of the nu- 
clear power industry as chief of 
Westinghouse’s Bettis Laboratory 
complex, explains the recent reor- 
ganization of his 4,800-man group 


The New Look at Bettis Lab 


and reveals what lies ahead as Bettis 
begins its eleventh year of research 
and development. 

Having demonstrated at Shipping- 
port and in the naval reactors pro- 
gram that nuclear power plants 
will work; Bettis has set about to 
make better ones—lighter, simpler, 
easier to maintain, longer-lived and 
cheaper. 

“There’s_ [still] a tremendous 
amount to do to fully understand 
reactors and make them work bet- 
ter,” says Simpson. “What we do 
will be good, solid technical achieve- 
ment—perfecting pressurized-water 
technology.” 

The Bettis reorganization—pos- 
sibly because it has not been widely 
publicized—has — anxiety in 
some quarters of the nucleonics in- 
dustry that this huge, respected team 
of scientists and engineers was being 
“broken up” now that the challenge 
of creating the world’s first nuclear 
naval vessels and the U. S.’ first 
commercial power station has been 
met. 

This has been categorically denied 
by Simpson: “We have a big job in 
improving these reactors. The job 
is far from done, in any aspect 
of it you care to name. It’s a good 
technological challenge, though it’s 
clearly not the blue-sky challenge of 


oratory 





John W. Simpson 
Vice Pres. & Gen. Mgr. 


building the Nautilus. 

“We have lost from our senior 
staff only one man in the last six 
months. ... As a matter of fact, 
the losses are lower here than among 
[engineering organizations] as a 
whole. ...I don’t really feel a 
problem today in morale.” 

The loss of Bettis as it has been 
would be a major loss to civilian re- 
actor know-how. Bettis personnel 
have prepared 6,000 documents re- 
leased through the government's Of- 
fice of Technical Services, and 2,000 
papers presented to scientific meet- 
ings or published in the quarterly 
Bettis Technical Review. Original 
development work of commercial im- 
port has included heat transfer, 
uranium-oxide, U metals and alloys, 
zirconium and Zr alloys, irradiation 
of materials, digital computer codes, 
reactor instrumentation, corrosion, 
canned pumps, and others. 


Reorganization 

Simpson and his associates be- 
lieve they have many more prob- 
lems of broad technical implication 
to solve; the reorganization of Bet- 
tis has been conducted along this 
line. The reactor-by-reactor project 
approach has been dropped in favor 
of two over-all projects: submarines 
and surface ships. In support of 
these are five departments: mate- 
rials, analysis, nuclear cores, ad- 
vanced development and _ technical 
activities. Coordinating the entire 
technical effort are four senior staff- 
ers who make up a management 
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group: Sidney Krasik, physics div.; 
R. C. Cunningham, systems engi- 
neering div.; P. N. Ross, reactor en- 
gineering div.; and E. J. Kreh, Jr., 
—- engineering div. [See 
chart. ] 

In accomplishing the shake-up, 
Bettis has dropped most production 
activities in favor of other NRB con- 
tractors and sharply reduced its 
component-purchasing activities in 
favor of Westinghouse Plant Appa- 
ratus Dept., reducing total employ- 
ment from a high of more than 
5,500 a year ago to a low of 4,700 
when the reorganization is complete 
in mid-1959. Major production item 
at Bettis had been reactor cores; 
core fabrication is now limited to 
prototypes. 

“I don’t look on [the reorganiza- 
tion] as a dramatic thing—it’s an 
evolutionary thing,” Simpson ex- 
plains. “It’s a new way of mar- 
shalling the troops.” 

Going further, he sees the reor- 
ganization of Bettis as strengthen- 
ing its potential for technological ac- 
complishment, rather than weaken- 
ing it. The shifting of production 
activities to other NRB contractors, 
for instance, gives the Bettis group 
the identity of a pure research-and- 
development organization; the move 
away from individual reactor proj- 
ects toward a wider approach to re- 
actor improvement ae of a con- 
centration on technological prob- 
lems generally. 

“Our contribution will be in 
basic technology,” Simpson asserts. 
“How many megawatt days per 
ton can you burn uranium-oxide?” 
What new alloys of ayy 
U-oxide fuel elements can be de- 
veloped to permit a greater heat- 
transfer surface? How can_ the 
technology of heat-transfer be im- 
proved? 

“We may learn enough so that 
people can run their reactors safely 
and wisely, closer to the ultimate 
limit. 

“I feel this is an important con- 
tribution. Somebody who _ just 
builds the reactor is stopping short 
of getting the maximum good out 
of it.” 

Bettis is expected to do $95-mil- 
lion worth of work for the govern- 
ment this fiscal year, as against 
$117-million in °58, according to 
AEC sources. 


At KAPL 


“We are in the naval nuclear 
power business almost exclusively,” 
says Caldwell, KAPL’s new general 
manager, a 49-year-old electrical en- 
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Nucleate Boiling in Next Naval Reactor 


The biggest immediate job ahead of the reorganized group at Bettis is 
development of the naval program’s next reactor—a natural circulation, 
pressurized-water plant with nucleate boiling. The reactor is in design now. 
The prototype had been scheduled for a construction start in the fiscal year 
beginning July 1 but a year’s delay was decided upon to permit further 
research and development work. However, according to government sources, 
construction is definitely scheduled to start in fiscal 61. Some 15-20 other 
reactor concepts are in a much less advanced stage of study at Bettis. 








gineer from Austin, Texas, who has 
been with GE since 1935 and with 
KAPL since 1954. “With only one 
significant exception—and that one 
also a defense item and highly class- 
ified—our mission, as set out in the 
KAPL charter, is to develop, design, 
and arrange for procurement of 
hardware for naval reactor power 
plants, with emphasis on design and 
development of naval reactors and 
the components most closely asso- 
ciated with them. 

“The shift putting KAPL in the 
Turbine division had the object of 
clarifying our life. The Turbine di- 
vision is in the heavy-equipment 
business, and ships are a large item 
of their business, so it seemed a 
natural grouping. Also their head- 
quarters is here in Schenectady, so 
for coordination purposes it’s better, 
even though it takes us away from 
Hanford and the Atomic Power 
Equipment Department at San Jose. 

“But as we go along, our areas of 
work have less in common with 
Hanford and APED, even though 
they are basically alike; our appli- 
cation is somewhat different from 
theirs, and we are getting more 
product-oriented.” 

A stocky, craggy-faced, gray- 
haired man of 49, Caldwell speaks 
slowly and so softly he almost seems 
to be whispering. He is severe in 
mien, but even his junior associates 
call him “Tex.” 

He now has a total of 2,000 under 
him in KAPL proper, of whom 600- 
700 are classed as scientists and en- 
gineers. The lab has been within 
100 of the total figure for several 
years, and Caldwell expects to stay 
at the same level for the next sev- 
eral. However he points out that 
the nature of the work is changing, 
and so a change in the personnel 
may be expected also: 

“We really have our third com- 
plete powerplant to engineer now— 
the first destroyer, following upon 
Seawolf and Triton, and this is 
paralleled by even more water- 
cooled plants at Bettis. Conse- 
quently a smaller effort is required 


on reactor components—heat ex- 
changers, engine-room equipment, 
and so on—with each successive 
plant, and so we will be going more 
into reactor and specifically core 
work, and will do = on general 
powerplant engineering.” 
Caldwell’s 1959 research-and-de- 
velopment budget is about $37-mil- 
lion, including salaries and the pur- 
chase of services from other labs, 
but excluding costs of prototype con- 
struction and of fissionable materials. 


KAPL Organization 

KAPL is set up on the project 
system of organization; but since it 
has but two, and since they happen 
to be a submarine (Triton) and a 
surface ship (D1G, the first nuclear 
destroyer), the effect is that the 
KAPL organization is much like that 
newly established at Bettis. The 
two major groups have about 400 
people in each, and are each com- 
posed of four main subgroups: a re- 
actor engineering component, a 
powerplant engineering component, 
a materials development component, 
and production engineering. 

The first includes reactor physi- 
cists, heat-transfer specialists, stress 
analysts and designers; the second 
does systems engineering for the 
complete plant, although KAPL con- 
centrates on the reactor compartment 
—the steam-raising plant; it also 
draws specifications for pieces of 
equipment that are then all put out 
on competitive bid. The third team 
includes the metallurgists who de- 
velop materials, primarily for the 
core; the fourth includes people who 
follow construction and testing on 
the land-based prototype and subse- 
quently on the ship. 

Some technical services are not 
split up and put into the projects, 
but are kept in a central service 
group called Technical Operations: 
these are a metallurgy lab, a chem- 
istry lab, an engineering test facility 
operated in the interest of both 
projects, a radiation materials lab 
that conducts irradiation tests and 
examines and evaluates the results. 
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BERKELEY: No. 1 reactor showing five of the eight boilers BRADWELL: General view showing No. 1 reactor in left 
grouped around the reactor; all eight are now erected. background as shielding walls of No. 2 unit rise (center 
The two-reactor station is nearly half way to completion and behind crane at right). Bradwell and Berkeley are 


after two years’ work 


racing to be first in operation 


British First-Round Civil Stations 


Britain’s first civil power plants, the 
four two-reactor stations at Brad- 
well, Berkeley, Hunterston and Hink- 
ley Point, are passing through the 
period of most visible, most spec- 
tacular progress (compare photos 
NU, Sept. ’58, 77; also report June 
58, 23). 

These photos were all taken in 
February, by the builders: A.E.1- 
John Thompson Nuclear Energy Co. 
Ltd. at Berkeley, Nuclear Power 
Plant Co. Ltd. at Bradwell, General 
Electric Co. Ltd. at Hunterston. 

Earlier estimates given NUCLEONICS 
by the Central Electricity Generat- 
ing Board for start of full-power 
operation were: Berkeley—No. 1 re- 
actor, Dec. 1960; No. 2 reactor, 
July 1961; Bradwell—Dec. 1960 and 
June 1961; Hunterston—Aug. 1961 
and Sept. 1962; Hinkley Point 
March 1962 and Dec. 1962. 


HUNTERSTON: Concrete shielding of No. 1 reactor (center background) rising 
high above Firth of Clyde is dwarfed in this photo by walls of No. 2 reactor 
beginning to rise above foundation raft. Hunterston is on a schedule running 
about nine months behind Berkeley and Bradwell 


HUNTERSTON: Radiographic weld-inspection in progress on HUNTERSTON: The standpipe sleeves being placed in posi- 
the bottom crown of the No. 1 reactor pressure vessel. tion before casting bottom biological shield of No. 1 re- 
Three-in. thickness of plate can be seen in cross section at actor. (Spherical Hunterston reactors will be charged and 


arrow (bottom right-center) 


discharged from underneath) 
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Administration Splits 
On Prompt Ship Program 


The U. S. Maritime Administrator 
declined to follow the lead of his 
superior and took a strong stand in 
favor of enactment this year of 
authorizing legislation for a nuclear 
tanker and for a Nuclear Ship Co- 
operative Program (see editorial 
page 85). In hearings before the 
House Merchant Marine Committee 
Feb. 19, Clarence G. Morse, chair- 
man of the Maritime Board and 
head of the Maritime Administration, 
urged that there be no further de- 
lay in getting these projects under 
way. The previous day, John J. 
Allen, Undersecretary of Commerce 
for Transportation, had told the 
committee that the Administration 
would not seek this authorization at 
this session and clearly implied that 
if such legislation originated in 
Congress it would be opposed by 
the Administration. 

Speaking of the interest in a 
vigorous nuclear merchant ship pro- 
gram displayed by U. S. merchant 


marine and nucleonics industrialists, 


Morse said, “They are in full agree- 
ment that we cannot pioneer with 
one reactor type in one passenger- 
cargo vessel. The Savannah will 
enable us to solve many practical 
problems and pave the way for 
general acceptance of nuclear on i 
ping; it cannot answer the cific 
economic questions raised by build- 
ers and operators of tankers, ore 
carriers, large passenger ships. What 
we now must do is get on with the 
construction of a ship which probes 
the economics of aie propulsion. 
This is something that continued 
research and development cannot 
do.” 

In a move indicative of bipartisan 
support in Congress for atomic ships, 
an authorizing bill was introduced 
later by Rep. Thor C. Tollefson 
(R-Wash.); Chairman Bonner (D- 
N. C.) was expected to follow suit. 
However top-level Administration 
apathy left the issue in doubt. 


On the Nuclear Waterfront 
Other developments last month: 
© Skipjack, the Navy's super-fast 
submarine embodying the first mar- 
riage of nuclear power to the Alba- 


core-type tear-drop hull, went to 
sea on her builder's trials March 8, 
sixth nuclear submarine to do so. 

@ N.S. Savannah's main propul- 
sion machinery was ped at 
the Trenton, N. J., shops of the 
DeLaval Steam Turbine Co.; put 
through its paces in several days of 
testing; obtained the approval of the 
American Bureau of Shipping, and 
delivered to the New York Ship- 
building Co. at Trenton, N. J., for 
installation in the fast-rising hull. 
Meanwhile Babcock & Wilcox re- 
ported that the main heat exchang- 
ers had already been shipped and 
that the reactor vessel an pressur- 
izer are scheduled to be shipped 
from Barberton, Ohio, in April. 

®@ The Navy assigned six nuclear 
submarines to shipyards for con- 
struction. Two will be built at 
New York Shipbuilding Co. for a 
total of $45,389,098, and two at 
Ingalls Shipbuilding Co. for $49,- 
178,142; these are fixed-price con- 
tracts. A fifth goes to Mare Island 
and a sixth to Portsmouth naval 
shipyard. All six are attack sub- 
marines of the Thresher (improved 


Skipjack) type. 


Fitting Out of Russian Nuclear Icebreaker Nearing Completion 


* 


LENIN IN FITTING-OUT DOCK in Leningrad. NUCLEONICS' 
Moscow correspondent cabled that “‘trials are still pro- 
ceeding as dockside outfitting nears completion. Initial 
voyage is expected soon but date is still unannounced. . . . 
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hangar. 


STEAM GENERATORS in the 
reactor compartment’ are 
shown here (vertical cylin- 
ders), with steam lines in 
foreground 


DOSIMETRIST at his post, 
monitoring radiation. ‘The 
crew has been chosen, is 
ready to take over from the 
builders,"" Moscow bureau 
reports 


“CONTROL SECTION for steam generation and engines 

reportedly operating smoothly,’ 

‘Recently completed: telephone system, galley, helicopter 
Carpenters still outfitting interior... . ” 


Moscow cable continues. 
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First Big Japanese Power Plant Order Going to Britain; 
GEC-Simon Carves Hopes to Start Work This Summer 
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GEC DESIGN for Japan: compare Hunterston design, NU, May ‘58, 108. 
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Britain’s General Electric Co.-Simon Carves Atomic Energy Group 
has won “first candidacy” to build Japan’s first large nuclear power plant. 
Japan has been almost three years making the decision since former 
Japanese AEC chairman Matsutaro Shoriki announced the order would 


go to a U.K. firm (NU, July 56, R5). 


But nothing is settled yet; sale is 
subject to negotiations expected to 
drag into the summer. GEC was 
low bidder at $50-million, but this 
was more than the Japan Atomic 
Power Co. (NU, May ‘58, 24) ex- 

cted since GEC had bid $45-mil- 
fion on the SENN job last year. 
Now JAPCO is asking GEC to come 
down in price. 

[Later, the U. S.’s General Electric 
(no connection) was picked to supply 
a small demonstration power reactor 
for JAERI. The $~8.6-million, 12.5- 
Mw(e) boiling-water unit, slated for 
1962 operation, will be built in part 
by Tokyo Shibaura Electric Co. and 
Hitachi Ltd.] 


If contract negotiations are suc- 
cessful, the 159-Mw(e) advanced 
as-cooled Calder-type reactor will 
- built at the Japan Atomic Energy 
Research Institute (JAERI) at Tokai, 
about 70 mi NE of Tokyo. Con- 
struction would begin this summer, 
and the reactor is to be completed 
by the fall of 1963. Total budget 
for the station including civil engi- 
neering, to be done by Japanese 
firms, is $84-million. Construction 
contractor will be FAPIG—the First 
Atomic Power Industry Group. 
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Although GEC’s price did not 
satisfy JAPCO, its “progressive im- 
provements” beat the leading rival, 
English Electric Co. GEC’s newly- 
designed annular fuel elements, 
more economical and with increased 
heat-transfer surfaces; its charge 
and discharge devices and its earth- 
quake-proof features were deemed 
better. Also the 159-Mw output is 
9 Mw better than JAPCO specified. 
Loading is 180 tons of natural 
uranium over a five-year period. 

The reactor is an improved ver- 
sion of the twin reactors GEC- 
Simon Carves is building at Hun- 
terston near Glasgow in the first 
round of British civil nuclear power 
stations. Major changes from Hun- 
terston specifications have been in- 
corporated to meet earthquake con- 
tingencies. These include: 

* Overhead charging and dis- 
charging facilities, lowering the cen- 
ter of gravity of the entire structure 
above ground by 40 ft; 

* Reactor vessel and heat ex- 
changes are mounted on a substan- 
tial continuous reinforced concrete 
raft, considered the primary safe- 
guard against differential displace- 
ment between these elements that 
would rupture coolant circuits; 


* Control system so divided that 
small clusters of control rods can be 
moved independently in the event of 
small local core displacements; 

* An emergency scram device in- 
corporated that remains effective 
for a core tilt up to 45 degrees. 

Current negotiations _ revolve 
around these questions: will GEC 
lower its price? how will GEC ac- 
tually guarantee 3,000-Mwd_ burn- 
up? how long will the payment pe- 
riod be (the British are asking seven 
years against Japan’s ten)? 


Next Question on SDR: 
Build an Experiment? 


Hard on the heels of the indefinite 
postponement of the sodium-deute- 
rium reactor project of Chugach 
Electric Cooperative/Nuclear Devel- 
opment Corp. of America, AEC has 
organized a nine-man task force® to 
judge the concept’s technical and 
economic potential. 

In this order: Chugach’s SDR has 
been dropped for the foreseeable 
future; a decision has been made to 
look at the possibility of building an 
SDR experiment at an AEC site; 
and the new task force has been 
asked to make the preliminary de- 
cision on an experiment. If the 
group’s recommendation is favorable 
on an experiment, a final decision is 
expected from AEC in May or June. 
If it is unfavorable, the Commission 
is expected to discuss a different re- 
actor concept with Chugach. 

“This review will be based upon 
resent technology as developed 
y NDA,” explained an AEC offi- 

cial. “Only present technology is 
to be considered.” 


*E. D. Jordan, and J. J. King of AEC’s 
Reactor Development div., co-chairmen, F. A. 
Smith and > » Lennox, Argonne Na- 
tional Laboratory; J. W. Wade and J. P. 
Maloney, Savannah River installation; J. A. 
Weir, Oak Ridge National Laboratory; T. V. 
Kavanagh, Gibbs and Hill; and L. E. Link 
of Argonne, consultant. 


3 Reactors for Antarctic 
Planned, Says Adm. Dufek 


The Navy’s head man in the Ant- 
arctic, Rear Admiral George Dufek, 
disclosed last month that power- 
and-heat reactors are planned for 
three bases there within three years 

McMurdo Sound, South Pole and 
Cape Ahllett. His disclosure was 
made at a press conference in Can- 
berra, Australia. Navy spokesmen 
in Washington confirmed that reac- 
tors were under consideration in the 
Antarctic, but said no concrete ac- 
tion has yet been scheduled to get 
the necessary funds from Congress. 
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Reactor News 


BURLINGTON MAKES PROPOSAL TO AEC 

The city of Burlington, Vt., came in to AEC with a 
formal — regarding the OMFBR or organic-mod- 
erated fluidized-bed reactor it is working on with West- 


inghouse (NU, Sept. 58, 153; Nov., 24). AEC was 
asked to finance a $580,000 first-phase research-develop- 
ment program toward a 30-50 Mw(e) power plant, and 
to earmark a total of $8.5-million for the entire research 
program if the first phase confirms the concept’s promise. 


SECOND-GENERATION FERMI STUDIED 
Preliminary review of an improved fast reactor has re- 
vealed a number of improvements that could be made 
in the 100-Mw(e) Enrico Fermi Fast Breeder were it 
being designed today (see p. 131). This proved so en- 
couraging that Atomic Power Development Associates 
(APDA), Detroit Edison, Allis-Chalmers, Babcock & 
Wilcox, United Engineers & Constructors Inc. and Com- 
monwealth Associates have set up a 35-man group to 
make an intensive preliminary design of a second-gen- 
eration fast-breeder power plant. A report was due 
April 1, with the object of showing the status of ad- 
vanced fast reactors and the development cost, program 
and schedules required to reach economic power via the 
Pu-fueled fast reactor route. 


ANOTHER CONCEPT: THE PASTE REACTOR 

APDA has also been working on a “paste reactor” con- 
cept. Feeling that the best advanced fast breeder will 
have mobile fuel, it has been investigating the proper- 
ties of a fuel mixture of a thick paste of uranium- 
molybdenum alloy in sodium, moving very slowly 
through a core of 19 subassemblies each containing 100 
tubes. On the return leg outside the core, additional 
sodium would be added to permit freer flow; it would 
be separated by hydroclone before the paste re-entered 
the core. The paste, with a consistency like wet mud, 
can be pumped, it’s already been shown, and paste cap- 
sules are being irradiated at Battelle to check on fission- 
product-gas release (a major problem is that if such gas 
formed large bubbles, it might cause instabilities) . 


AEC APPROVES NEW PIQUA SITE 


Subject to provision of additional containment, AEC has 
approved the new site proposed for the Piqua, Ohio, 
organic-moderated nuclear power plant (NU, Dec. 58, 
25; Jan. 59, 24). The AEC action came after the 
Advisory Committee on Reactor Safeguards approved 
the new site provided a “more substantial and depend- 
able” containment system is included. 


TREAT GOES CRITICAL IN IDAHO 


The Transient Reactor Test Facility (TREAT), a $1-mil- 
lion reactor built just to produce short, extreme pulses 
of nuclear energy and thereby high temperatures, went 
critical Feb. 23, to become the 18th operable reactor 
at the National Reactor Testing Station in Idaho. The 
surges will simulate abnormal reactor operating condi- 
tions and the extreme heat generated will permit melt- 
down studies on samples of fuel elements and com- 
ponents intended for use in fast reactors placed on the 
axis of TREAT’s annular core. TREAT’'s transient 
pulses are believed to be of greater intensity—3 x 10” 
n/em*/sec peak flux for 50-millisec bursts, 3 x 10” in- 
tegrated flux per burst—than can be safely attained in 
any other reactor. For safety, the control room is 
housed half a mile away. TREAT will also serve as a 
versatile irradiation tool for study of other fast-reactor 
safety problems. Early studies will test behavior of 
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prototype fuel pins for the Experimental Breeder Reac- 
tor No. 2; later, metal-water reaction experiments are 
also planned. TREAT went critical on 146 fuel ele- 
ments containing 5.38 kg U™; for flexibility of experi- 
mental arrangements, space is provided for loading up 
to 361 elements. These are 9 ft long, with upper and 
lower graphite moderator sections canned in aluminum 
and a 4-ft central section of uranium oxide uniformly 
dispersed in graphite, fabricated as six 8-in. fuel blocks 
canned as a unit in zircaloy. The 7 x 7 x 14-ft-high 
reactor cavity is lined with graphite reflector made of 
blocks that had served in Enrico Fermi’s original Chi- 
cago Piles 1 and 2. Argonne designed the facility. 


FURTHER DEVELOPMENT FOR APPR .. . 

The Army Package Power Plant, already pushed up 
from 10 Mw(th) in the first version at Ft. Belvoir, Va., 
to 20 Mw/(th) in the second at Ft. Greely, Alaska, will 
be boosted to 28 from the same size core under a new 
$2-million development job Alco has been working on 
for the Army. This APPR-l-b is intended for “remote 
defensive installations” for the Nike missile family. 


. . » AND A NEW MOBILE PLANT STUDY 


Clark Bros. Co. of Olean, N. Y. is doing a feasibility 
study for the Army on a transportable 750-kw(e), open- 
cycle air turbine plant with a sodium-cooled reactor. 


AEC SIGNS FOR FLORIDA PLANT 


The East Central Nuclear Group and the Florida West 
Coast Nuclear Group have signed with AEC for re- 
search and development work on their heavy-water- 
moderated, gas-cooled plant to be built on Filorida’s 
west coast. The contract represents fruition of a pro- 
posal made and approved in principle by AEC a year 
ago (NU, Jan. ’58, 17; Mar. ’58, 17). ECNC will 
carry out an $18-million research program on the pres- 
sure-tube reactor, with AEC paying up to a maximum 
of $13,180,000 (including waiver of use charges). 
FWCNG will assume the $26-million construction costs 
and will operate the plant on the grids of its two com- 
— companies, Florida Power Corp. of St. Peters- 
urg and Tampa Electric Co. FWCNG will also pay 
excess operating costs over those of a conventional 
plant, put at $5.4-million for the first five years of op- 
eration of the 50-Mw(e) plant. AEC announced that 
“prior to start of construction, a determination of tech- 
nical and economic feasibility will be made”; FWCNG 
may elect to drop the plan if the cost of power is esti- 
mated to be more than 50% higher than conventional 
power in the area, or if the reactor is held technically 
unfeasible. General Nuclear Engineering Corp., now a 
subsidiary of Combustion Engineering (NU, Feb. °59, 
22), continues its role in the project as nuclear design 
agent; American Electric Power Service Corp. is ex- 
pected to be principal design and construction engineer. 


PWR SPENDING HIT; OTHER LATE NEWS 


Weaknesses in the application of administrative controls 
were blamed, in a General Accounting Office report to 
Congress, for the increase in the total cost (including 
research-development) of Shippingport from $90,750,000 
in May, 1954, to $119,340,000 in December 1957. 
. . . Brookhaven’s medical research reactor, first reactor 
designed exclusively for medical use, went critical March 
15... Minnesota Mining & Manufacturing has joined 
Republic Aviation and Allis-Chalmers as third sponsor 
of a proposal to AEC to build a 100-Mw test reactor 
(NU, March 59, 24). 





World News 


SELNI on U. S. Deferred Payment Plan 


Italy’s SELNI nuclear power project has become the 
first project to be ao under AEC’s deferred-pay- 
ment plan for enriched fuel (NU, March ’59, 28). 
SELNI, in which Edisonvolta of Milan, Italy’s largest 
utility, plays a leading role, has a contract with Westing- 
house for a Yankee-type 134-Mw(e) reactor. Two sites 
are under consideration, one of them understood to be 
on Lake Como. SELNI hopes to break ground this 
spring; first fuel is to be delivered by the U. S. in 1961. 
U. S. aid is being extended under the bilateral with 
Italy, not under the joint U. S.-Euratom program. 





British Competitor for Argonaut: Jason 


Hawker Siddeley Nuclear Power Co. is building a 10-kw 
research reactor based on the Argonaut design; with 
proper deference for mythology it is being called Jason. 
The first unit will be completed in September at Hawker 
Siddeley’s Langley ae in eas. rearsestt hey HS 
hopes to sell Jasons to universities, hospitals and other 
research centers, in Britain and abroad. 





U. K. Gearing for Beryllium Production 





Imperial Smelting Corp. will start first British commer- 
cial production of reactor-grade beryllium metal at its 
zinc plant at Avonmouth, Gloucestershire. The plant 
is due to begin production by year’s end; the AEA will 
be the major customer. The project is in two stages, 
with the second depending on the success of the first. 
The firm declines to tell plant output; U. K. demand for 
beryllium is estimated at 100 tons/yr by 1965, for fuel 
cladding for second-stage civil power reactors. Imperial 
Chemical Industries Ltd. is also building a plant—also 
due for completion by year’s end—to produce semi- 
fabricated beryllium. 


2 Euratom Countries to Collaborate on Plant 





Electricité de France has formally agreed with Belgium 
that the “Centrale des Ardennes”—the nuclear power 
plant it is planning to build in the Ardennes forest near 
Givet close to the Belgian border (NU, July '58, 26) 
will be built and operated in collaboration with Belgium. 


Nuclear Power for British Guiana? 





The Mitchell Engineering Group Ltd. of London is ne- 
gotiating with the government of British Guiana to build 
an $11-million, 20-Mw(e) nuclear power plant to in- 
crease the South American colony’s power supply. 


British Briefs 

The first of the four Chapel Cross reactors, which went 
critical in November (NU, Dec. ’58, 26), began feeding 
power into the national grid Feb. 25. The other three 
reactors at Chapel Cross—Britain’s second power-pro- 
ducing nuclear installation and first in Scotland—are to 
follow at three-month intervals. The station will be 


officially opened May 2... . Britain will get the ad- 
vanced S5W or Skipjack-type reactor for her first nuclear 
submarine Dreadnought, the First Lord of the Admiralty, 
announced. There had reportedly been some disagree- 
ment over whether Westinghouse would supply the orig- 
inal SSW plant or an improved version (NU, Aug. ’58, 
19; March ’59, 19). Dreadnought’s keel will be laid 
by Vickers this summer. . . . Sir William Penney, Atomic 
Energy Authority member for weapons and builder of 
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Britain’s first nuclear bombs, will become member for 
research when Sir John Cockcroft becomes master of 
Churchill College, Oxford. Nyman Levin has been pro- 
moted from deputy to director of the Authority’s weap- 
ons group, taking over from Sir William who had been 
combining the jobs of director and Authority member 
for weapons. 


Ippolito Heads Euratom Supply Advisers 





Felice Ippolito, secretary general of Italy's CNRN (Na- 
tional Committee for Nuclear Research) has been named 
president of the 24-man Advisory Committee of Eura- 
tom’s Supply Agency. The committee will help the 
Agency control its relations with consumers of nuclear 


fuel. The Supply Agency starts functioning April 1. 


First Pure U Production in India Begun 


A new $462,000 plant built near Bombay at the Trombay 
center of India’s Department of Atomic Energy has pro- 
duced Asia’s first nuclearly-pure uranium; the first ton 
was produced at end of January (NU, July ’57, 27). 
Raw material for the plant is monazite sands from 
Travancore (south India) coasts containing up to 0.28% 
U,O,, after thorium and rare earths have been separated 
out in two plants of Indian Rare Earths (Private) Ltd. 
at Alwaye and at Trombay (NU, Feb. 56, 15). How- 
ever the plant can also treat other concentrates like 
sodium diuranate, uranium oxide concentrates, etc. De- 
signed as a pilot plant, its output can be expanded suffi- 
ciently to produce replacement U metal for a 250-Mw(e) 
natural-U reactor. First job for the new plant: to make 
the U to fuel the Canada-India reactor and the Zerlina 
critical facility both now nearing completion. Equip- 
ment for the plant was built by Degussa of Frankfurt. 





Italian Items 


Italy’s nuclear-risk insurance pool, comprising 62 Italian 
firms and 25 foreign participants, issued its first policy, 
covering the subcritical experimental reactor at the Uni- 
versity of Cagliari, Sardinia. It covers fire, lightning, 
explosion, excessive temperature, contamination of the 
insured and decontamination costs, third party liability 
for contamination of persons and objects. . . . The first 
shipment of U. S. enriched fuel to Italy has arrived at 
Ispra, for Italy’s CP-5 type research reactor nearing 
completion; the 32 fuel elements, made by Babcock & 
Wilcox and containing 48.5 Ib U, are worth $150,000. 


Nuclear Lab for Britain's CEGB 


The Central Electricity Generating Board is planning a 
$2.8-million research center adjacent to, but divorced 
from, the Berkeley nuclear power station, to study power 
reactors and intensely radioactive materials. 





American—European Fuel Contacts 





Union Miniére of Belgium has made its first deliveries of 
high-purity uranium orange oxide to AEC. Mined at 
Shinkolobwe in Belgian Congo, it was refined at a new 
plant at Olen near Antwerp. . . . Degussa in West 
Germany becomes European sales agent for Mallinck- 
rodt uranium products under an agreement for technical 
collaboration. 


Spain Joins Eurochemic Project 





The OEEC Council has approved Spain’s participation 
in the 12-nation project to build a jointly-owned chem- 
ical reprocessing plant at Mol, Belgium. 
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News in Brief 


AEC Lays Major Accident Blame on Victim 


. . the accident was directly attributable to errors on 
the part of the deceased operator ...” This was the 
major conclusion of AEC’s Investigation Review Commit- 
tee on the Dec. 30, 1958, accident at Los Alamos which 
brought death to Cecil W. Kelley (NU, Feb. ’59, 21). 
However, the Committee also suggested that Kelley had 
too much autonomy even though “normal procedures” 
were being used in his transfer of plutonium and organic 
solutions between containers in a chemical Pu recovery 
process. The Committee urged “closer supervision” at 
Los Alamos and wide dissemination of the facts of the 
case for educational purposes. (Details p. 107) 


AEC Reorganizes Sherwood Steering Committee 


The advisory committee to AEC on controlled fusion— 
Sherwood Steering Committee—has been reorganized 
and enlarged. The reshuffling took place, according to 
AEC officials, because “the project has grown very big” 
and it was felt that “we could do business a little bet- 
ter.” A major change was the dropping of people who 
have direct project responsibility—for example, Lyman 
Spitzer, Jr., of Princeton and James L. Tuck of Los 
Alamos—in favor of “outside” advisers—Subrahmanyan 
Chandrasekhar, Univ. of Chicago, William A. Fowler, 
Cal Tech; and Robert R. Wilson, Cornell Univ. Other 
new members are: Norris E. Bradbury, director of Los 
Alamos; Henry D. Smyth, Princeton; Edward Teller, 
director of Lawrence Radiation Laboratory: and Al- 
vin M. Weinberg, director of Oak Ridge National Lab- 
oratory. The committee is chaired by John H. Williams, 
director, AEC’s Research Div.; secretary is Arthur E. 
Ruark, chief of the controlled thermonuclear branch. 


Krypton-85 Output Raised Five-Fold at ORNL .. . 

AEC’s Oak Ridge National Laboratory has increased the 
supply of krypton-85 available for civilian uses from 
20,000 curies/yr to 100,000—“in response to industrial 
requests.” The radioisotope, AEC said, “is finding in- 
creasing use for activating phosphors in self-luminous 
light sources.” AEC’s price remains unchanged: $50 
for each of first two curies, $15 each additional curie. 


. . » As Radioisotope Shipments Climb . . . 


The figure 37 was the magic one for ORNL as it re- 
ported its biggest year (1958) in the 12% years it has 
been shipping radioisotopes to users in the U. S. and 
abroad. ORNL shipped 228,717 curies—37% greater 
than the 1957 total and 37% of all shipments since the 
first on Aug. 2, 1946. Number of shipments increased 
only slightly between ’57 and ’58; the growth was in 
size of individual shipments. 


. . » And AEC Reviews Irradiator Bids 


AEC is reviewing several “expressions of interest” from 
industry in its offer to support construction of a high- 
level irradiator (NU, Jan. '59, 27); it was understood 
that the industry response did not come up to AEC ex- 
pectations but that no decision would be made by AEC 
to go ahead on its own until after further negotiations. 


High Voltage Plans Dutch Plant, Has Record Sales 

Riding high in its radiation-machine field, High Voltage 
Engineering Corp. last month reported (1) plans to 
build a manufacturing plant in Amersfoort, The Nether- 
lands; and (2) record sales and earnings in 1958. 
Denis M. Robinson, HVEC president, said the Dutch lo- 
cation will permit the company to “participate directly 
in the economic community” formed by the six Euratom 
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countries, although it will serve all European countries, 
the Near East and Africa. HVEC reported an 18% 
gain in sales and a 55% gain in operating earnings for it- 
self and its affiliate—Electronized Chemicals Corp.— 
during 1958. Earnings were $1.33 per share on sales 
of $5,786,509; backlog was $6,507,359 on Dec. 31. 


Townsend Named N., Y. Atomic Director 


After the New York State legislature had rushed through 
a bill creating an Office of Atomic Development tit 
passed both Assembly and Senate the same day, three 
days after being proposed by Gov. Rockefeller), Oliver 
Townsend was named first director. Former assistant 
to AEC Chairman Gordon Dean, Townsend, 42, was a 
principal architect, and since 1954 assistant executive 
manager of the Atomic Industrial Forum. 


AEC Picks 24 Fuel Cycle Projects 

Of 111 proposals by 39 firms for 1—3-yr fuel-cycle de- 
velopment projects (NU, Jan. 59, 25), 24—by 18 firms 
—have been picked by AEC to share in its $25-million 
aid program. The firms: ACF Industries, American- 
Standard, Babcock & Wilcox, Battelle (2 projects), 
Carborundum, Clevite, Combustion Engineering (4), 
Denver Research Institute, Electro Metallurgical Co., 
General Electric, National Carbon, NDA (2), Nuclear 
Materials & Equipment, Nuclear Metals, Olin-Mathie- 
son (2), Sanderson & Porter, Technical Research Group, 
Westinghouse. 


Battelle, Spencer Building Fuel Facilities 

A midsummer construction deadline has been set for 
two new nuclear-fuel facilities: Battelle Memorial Insti- 
tute is building a lab especially designed for plutonium 
studies; Spencer Chemical has started construction, at its 
Jayhawk Works near Pittsburg, Kan., of a uranium- 
oxide production plant of 50 tons/yr capacity. Battelle 
will center its lab work on the use of plutonium, its 
alloys and compounds, as power-station Fel. Spencer 
says its new plant will establish the firm as “a major 
processor of uranium oxide,” using a continuous process. 


Victoreen Sets Up Two New Divisions 

Creation of two new divisions—industrial automation 
and infrared—has been announced by Victoreen Instru- 
ment Co. Clive M. Yeomans, as head of the industrial 
automation div., will focus Victoreen’s development of 
radioisotope applications in process control, nondestruc- 
tive testing, gamma irradiation and polymerization. 


ASA Official Chides Nucleonics Industry 

Cyril Ainsworth, deputy managing director of the Amer- 
ican Standards Assn., took to task the nucleonics industry 
last month for an alleged lack of financial support of 
ASA’s nuclear standard program. He declared: “The 
. . » program initiated under ASA procedures costs 
about $25,000 a year to administer. This is small 
change compared to the multimillion dollar investments 
needed to develop nuclear power. Yet it is difficult, 
or almost impossible, to collect this amount fully.” 


NSEC, Goodyear Get AEC Isotope Contracts 

Major contracts under AEC’s Isotope Development Pro- 
gram have been awarded to Nuclear Science and Engi- 
neering Co. and Goodyear Tire & Rubber. NSEC’s, for 
$133,000, covers three phases of research on a 
isotopic techniques to hormone and ‘one mare 
work. Goodyear’s, for $50,000, covers development of 
an isotopic dating technique for broad industry use. 
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R ©O U WN See 


AEC Seeks $195-Million NUCLEONICS Statistics of the Month 
For '60 Building Program in = 


AEC’s authorization bill for the 
upcoming fiscal year proposes $195- 
million for construction of new proj- 
ects or modification of existing 
projects, including the new reactors 
publicly announced by AEC last 
month (NU, March ’59, 17). The 
bill also provides $14-million for the 
U. S.-Euratom research and devel- 
opment program, and drops the 
$17-million LMFRE (Liquid-Metal 
Fueled Reactor Experiment) which 
was to have been built at Brook- ; Federcl . 
haven by Babcock & Wilcox. Other é funds 
highlights: ‘ 
© Cooperative Reactor Program. 
There is a net reduction of $20-mil- 
lion. Increases include $1.5-mil- 
lion for lab support work of the 
Fermi fast breeder reactor; $114,- 
000 for Elk River spare parts; $1.8- 
million for added costs from Piqua 
relocation; and $2.5-million for sup- 
port of the nuclear superheat pio- 
gram of Northern States/Allis-Chal- 
mers. Decreases include $7-million Nuclear Contracts *— 


authorized earlier for the defunct . 
Pennsylvania Advanced Reactor Contracts awarded for federal projects ($10°) 


‘gee and $20-million authorized Proposed construction, privately-owned ($10°) 
ast year for — reactor pro- Contracts awarded, private work ($10*) 
posals from industry. Backlog of private projects ($10*) 


rg 





@AEC’s Reactor Program. A 
$10-million, high-flux research reac- Isotope Use t— 
tor (2 x 10” flux) for construction Applications for isotope use 


at Brookhaven; a $5-million, pres- Cumulative total of isotope users 
surized-water test reactor at Na- ORNL shipments (curies) 


tional Reactor Testing Station for 
full-scale testing of cores to be in- 


stalled in military field reactors; $1- Employment t— 


million for modification of Experi- 

mental Breeder Reactor No. ' at AEC employment : 6,687 6790 6,787 

NRTS, primarily to prepare EBR-1 Construction and design contractors’ employment 10,167. ~=—-11,039_- 10,181 

for a plutonium core and other ad- Total operating contractors’ employment 103,908 103,702 100,067 

vanced experiments; $2.5-million Production workers 51,839 51,263 50,299 

for an undetermined number of hot Research and development employees 46,282 46,642 43,651 

cells costing $300-800,000 each to Miscellaneous workers 5,789 5,797 6,117 

be built at AEC laboratories; $2-mil- 

lion for modification of the Mate- U. S.-built Reactors +— 

rials Testing and Engineering Test Operating Building Contracted 

Reactors at NRTS, primarily to ex- Power, domestic 6 

pand service facilities and provide Power, for export 3 

more lab space for experiments . P . 
a lower experiments and pilot plants 1 

going in and out of the reactors. ae ar 16 
@ Isotope Development Program. ary ne ere 

A $1.6-million, high-level radiation Research and test, domestic 49 

laboratory for research and develop- Research and test, for export 10 

ment on radiation physics and engi- Total 85 

neering parameters of high-intensity, 

lar ‘cadiinsuaies radiation sources; Foreign-built Reactors +— 

a $1.5-million process development Power, domestic 

lab for basic research on use of Power, for export 

isotopes in industrial processing ac- Research and test, domestic 

tivities; and $300,000 expansion and Research and test, for export 

modernization of the radioisotope Total 

production area at Oak Ridge Na- 

tional Laboratory. * From Construction Daily, 2 McGraw-Hill periodical + From AEC ¢ nucizonics figures 
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Public and private export shipments 











a) 10106: 
Mica Window 


Counter 


10 


counts ) 


d) 10310: 
Civil Defense 
Counter 


e) 10311: 
Thin Wall Counter 
for Survey Meters 


c) 10309: 
Long Thin Wall 
Counter 


b) 10308: 
General Purpose 
Thin Wall 


*MORE THAN SIX YEARS CONSTANT OPERATION 


RCL Halogen Quenched Counters — Non-metallic cathode — No hystersis — ‘‘Student Proof’’ — 100% Gas Efficiency 





Name 


Active 
Anode 
Length 
Inches 


Dia. & Lgth. 
(Dimensions 
in Inches) 


Window 
or Wall 
Thickness 
mg/cm’ 


Average 

Nominal Plateau Plateau Slope 

Starting Length Percent /100 
Volts Volts Volts 


Typicel 


Connection 





Mica Window 
Halogen 


General Purpose, 
Thin Wall Counter 
Long Thin 

Wall Counter 
Civil Defense 
Counter 

Thin Wall Counter 
for Survey Meters 


1-5/8 x4 
1-5/8 x4 
1-5/8 x4 


1-1/8 x6 
1-1/8 x 10 
9/16 x 3-1/4 


5/8 x 4-3/4 


RADIATION 


LABORATORIES inc. 


Nucleonic Park, Skokie, Illinois, U.S.A. 


COUNTER 
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-2 1.4 or less 
1.5-2.0 
2.1-4.0 


4 prong 
4 prong 
4 prong 


1 1000 250 1 
1 1000 250 1 
1 


-2 
1 1000 250 -2 


900 200 2 30 4 prong 
900 200 1 30 4 prong 
800 2 30 3 prong 


800 2 30 3 prong 


Visit RCL Booth 228 
Atomfair April 5—10 
Cleveland, Ohio 


See a demonstration of RCL’s halogen quenched 
Geiger counters and RCL’s new family of tran- 
sistorized nuclear instruments and multi-channel 


analyzers. 





CRL manipulators... 
AS OBEDIENT AS YOUR MAND! 


Slave ends :of CRL Manipulators obey 
perfectly —duplicate the natural motions 
of the operators’ hands—make operation 
of the system amazingly simple. An oper- 
ator becomes perfectly adept with practi- 
cally no training. 


Simplicity. of operation is only one of 
several reasons research and production 
organizations all over the world specify 
CRL Manipulators. The system is versa- 
tile. Accessories such as special-purpose 
tongs, load hooks, motion locks, and pro- 
tective booting allow adaption to a great 
variety of purposes. A continuous program 
of improvement . . . uncompromising work- 
manship . . . and standardized, interchange- 
able parts provide more reasons why you 
should consider CRL Manipulators for 
handling hazardous materials. 


Central Research Laboratories will be 
glad to advise you on the handling of 
radioactive materials, explosives, hazard- 
ous chemicals, biological materials—in the 
layout of hot cells—in other research areas, 
too. For complete information, write CRL 
today. 
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Central Research 

Manipulators from basic ‘nla 

Argonne National 

Laboratory design laboratories, inc. 


Red Wing, Minnesota, Dept. 101 
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ROD DRIVE FOR POOL TYPE REACTORS 


Operators of research and critical pool 
type reactors will be pleased to know that 
Vard has designed a new regulating and 
safety control rod drive mechanism espe- 
cially for their applications—the Vard 
“Safescram?’ Avoiding many complexities 
of units designed for other types of reac- 
tors, the new mechanism is comparatively 
low in cost. The Vard Safescram is for use 
where remote control is required, and 
offers the following features: 


(2) Position Indication—Accurate to +0.010 
inch, dependent on positioning rate. Pro- 
vides input to digital counter or com- 
puter coder. 


Drive Motor — 1/4, H.P., 3 phase, 60 cycle, 
900 RPM induction type with integral 
brake. 


Limit Switches—Two pairs. Any one of 
four switches opens circuit, providing 
100% motor control safety factor. 


Fail-Safe Scram Latch Magnet—No mov- 
ing parts. 


Scram Spring— Designed to meet strin- 
gent scram time requirements. 


Stroke Adjustment — Settings from 
zero to full stroke by adjustment of 
limit switch actuation. 


Dash Pot— Variable -orifice water 
buffer minimizes forces acting on 
core, control rod and supporting 
system. 


(8) Control Rod Latch—Control rod can 
be released from scram shaft by 
remote disconnect latch without 
draining pool or disturbing mechan- 
ism. Safety light indicates when 
control rod latch is fully engaged. 


Coasting and Downcreep—Controlled to 
+ 0.0625 inch. 


Reversal Time— 0.20 second from full ‘in 
Positioning Rate’ to full ‘‘Out Positioning 
Rate.” 


The new Vard Safescram offers a low- 
cost standardized basic design that can 
be made readily available in modifica- 
tions to meet specific customer require- 
ments. For more information write for 
Data File NU-631-1. 


Also available: non-scramming mechanisms for use 
where rapid insertion is not required. 
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K FIRST...in mechanical actuation 


ARD INC. 


2981 East Colorado Streex 
Pasadena 8, California 





U.S.S. Nautilus 


General Dynamics’ photos 


Where there’s atomic propulsion, there’s a Crane Valve 


U.S.S. Skate 


Call the roll of the Navy’s Nuclear Fleet! 

Nautilus ... Seawolf ... Skate... 
Sargo . . . Swordfish . . . Skipjack .. . 
Seadragon . . . Triton . . . and more to 
come! 

U.S.S. Longbeach ...Carrier 
CVAN-1... Destroyer DDN-1... and 
more to come! 

On every one of these vessels, Crane 
valves provide positive fluid control in 
their respective reactor systems. 


U.S.S. Seawolf 


Crane, pioneer in basic research and 
production of valves for control of radio- 
active fluids, keeps pace with every new 
development, every new need, of atomic 
engineers for installations afloat and 
ashore. 

This is an important fact to remember 
if you are planning atomic facilities of 
any kind. Even though your plans are 
still on the boards, NOW is the time to 
talk to Crane about valves. 


Crane 16-inch, 
cylinder-operated 
gate valve for 
pressurized water 
reactor system. 


C RAN ay VALVES & FITTINGS 


© HEATING - AIR CONDITIONING 
Since 1855—Crane Co., General Offices: Chicago 5, Ill.— Branches and Wholesalers Serving All Areas 


See the Crane Exhibit at the AtomFair in Cleveland 
April 5th to 10th—Booths 608-610-612. 
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TWO * 
PERSONALITIES 


SAME 
TIME BASE 


.-- Only the DUAL Jrecti/nriten gives you 


two-channel rectilinear recording with direct time correlation! 


Why synchronize two drive systems, handle two chart rolls, 
or for that matter, maintain two separate instruments? 
The DUAL “recti/riter” gives you two independent gal- 
vanometers, inking systems, and “recti/rite” linkages— 
with a single chart drive—enables you to record two 
variables simultaneously and visually correlate events to 
an accurate common time base. Record such variables as 
voltage and current, wind direction and velocity, tempera- 
ture and pressure, torque and speed, input and output, 


and many others. 


And, have the easiest of all recordings to read—true recti- 
linear side-by-side traces that you read at a glance with a 
simple ruler no difficult interpretations so highly 
subject to reading errors as with old-fashioned curvi- 
linear recordings. 


Add these to the other outstanding features of the 


° TEXAS INSTRUMENTS 


INCORPORATE O 
INDUSTRIAL INSTRUMENTATION DIVISION 


3609 BUFFALO SPEEOWAY + HOUSTON, TEXAS * CABLE: HOULAB 
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“recti/riters” 
access for all routine operations, fingertip control of 10 
chart speeds, dependable closed inking system, AC, DC, 
and you have the most 


galvanometer accuracy, easy frontal 


spring, or external drives 
work-saving recorder available. 
Remember, too, that only the “recti/riter” and matching 
accessories provide these wide ranges for recording 
electrical parameters: 
10 millivolts to 1000 volts 
500 microamperes to 1000 amperes 

Monitor standard frequencies — 40, 60, 400 cps 
When you write for specific information on the DUAL 
“recti/riter”, Bulletin R-502, ask TI to include facts on 
the SINGLE “recti/riter”, Line Voltage Monitor, and 
Model 301 All-Transistor DC Amplifier. You will be 
interested in the complete versatile line. 


*identical Twins 
Ed and Gene Scroggins 
gre Tl Engineers 





This atomic fuel pellet was fabricated 

from uranium oxide produced a new way by Spencer 

Chemical Company. Atomic fuel pellets are the heart of 

atomic power reactors like the General Electric-Commonweath Edison installation shown. 


Announcing the 


development of a 


Unique Atomic Fuel © 


Now Spencer Chemical Company has developed a superior process for 


converting uranium from various sources to nuclear grade fuel. 


66S THERE A WAY,” scientists at Spencer new system produces uniformly pure uranium 
Chemical Company asked themselves, “to | oxide from such diverse sources as: 

produce uniformly pure atomic fuel from dif- 1 
ferent kinds of raw material? Is there a way , 
to avoid the generation of scrap in this process? 

Is there a way we can help the fuel element . UF,—Uranium hexafluoride —a ura- 
fabricator gain greater productivity?” Some nium compound supplied by the Atomic 
twelve months ago, Spencer scientists tackled Energy Commission. 

this problem. 


bd 


Mill concentrates — or “yellow cake’ 
—partially refined uranium ore. 


Salvageable material—scrap from 
Today, the answer to all three questions is Yes! atomic fuel fabrication plants. 


A unique system has been developed and per- To provide maximum operating efficiency in 
fected by Spencer Chemical Company. This _ both the fuel fabrication plant and the nuclear 





Process by Spencer 


reactor, it is essential that the uranium oxide 
power have uniform physical properties and 
extremely high chemical purity. Spencer 
Uranium Oxide, produced by this recently per- 
fected process, meets both of these rigid re- 
quirements. 


Uniformly excellent ceramic properties have 
been achieved by the Spencer process. These 
improved ceramic properties enable the fabri- 
cator to produce maximum fuel density at lower 
temperatures, with maximum equipment ef- 
ficiency and minimum scrap. 


Spencer Uranium Oxide is uniformly pure. 
The new process allows complete, accurate con- 
trol of the quality of the end-product—whether 
the source is mill concentrates, UF, or salvage- 
able material. 


It will pay you to get the facts about this im- 
portant new atomic fuel development. For 
complete information about Spencer Uranium 
Oxide, contact Spencer Chemical Company, 
Industrial Chemicals Division, Dwight Build- 
ing, Kansas City 5, Missouri. 


SPENCER URANIUM OXIDE 


A Product Of 


SPENCER) 


= 


General Offices: D 


Spencer Chemical Company 
. <_ America’s Growing Name In Chemicals 


Kansas City 5, Missouri 





RADIATION SHIELDING IS OUR SPECIALTY... 
Manufactured and Installed to suit the specific requirements of: 


Se "ATOMIG ENERGY  "WNUCLEAR INDUSTRIES = HOT LABORATORIES 
z " INDUSTRIAL X-RAY ROOMS © BIOLOGICAL LABORATORIES 


visit us AT\ ATOMFAIR APRIL 5 — 10 
EXHIBIT 321 


PUBLIC AUDITORIUM 
CLEVELAND, OHIO 














One of a group of lead filled “Transportation Casks"’ built for E. |. du Pont de Nemours & Com- 
pany, Savannah River plant, Aiken, South Carolina. These casks, which are used for the shipping 
of radioactive materials, are fabricated from stainless clad steel with a 8%,” thickness of lead 
h geneously bonded to the interior carbon steel surfaces for heat transfer and radiation 
shielding. The hundreds of stainless steel ‘‘fins’’ on the exterior surfaces permit the dissipation 


...ETR recently built by O. G. of heat. 
Kelley & Company for the A. E. 
C. Installation, Sceville, Idaho 








STAINLESS STEEL 
LABORATORY EQUIPMENT 


The stainless steel equipment portrayed is but a small portion 
of that being manufactured complete with removable openings, 
rounded corners, and all units highly polished to a mirror 
finish inside and out. 


O. G. Kelley & Company has long had the skill and facilities 
for the toughest, most specialized fabricating problems and are 
noted for the precision fabrication of stainless steel equipment 
of the most intricate and 
exacting design. Our en- 
gineers are at your dis- 
posal for consultation 
without obligation. 





GLOVE BOX 


RADIATION SHIELDING 


LEAD CONTAINERS made to your specifi- 
cations for the shipping and storage of radio- 
active materials — Lead Bricks of special 
design or standard type. 


OTHER PRODUCTS AND SERVICES AVAILABLE TO THE NUCLEAR FIELD 


Radiation Consulting and Engineering Services ° Fabricating and Refabricating Nuclear Fuel Equipment ° Nuclear Handling Fuel 
Element Equipment ° Reactor Consulting and Engineering Services ° Experimental Nuclear Reactors ad Research Nuclear Reactors 
Materials Testing Nuclear Reactors ° Nonferrous Metal Fabricators ° Exhaust Hoods ° Autoclaves ° lead and Lead Alloys 
Radiation Shielding ° Gas Scrubbers ° Pressure Vessels ° X-Ray Screens °* Shielded Containers * Power Nuclear Reactors 
Ferrous Metal Fabricators e Radiation Processing Equipment ° Shield-Metal-Clad Plywood ° Test Loops ° Nuclear Hot Cells 
Radioisotope Safes ° Shielding Windows e Radiation Shielding Brick ° Radiation Absorbers ° Nuclear Fuel Elements * lon 
Exchange Equipment 











Against this background... 
ELECTRON 


Vickers are engineers, ship builders, aircraft constructors, 
steel makers. They build aeroplanes—the Viscount and 
Vanguard—tankers, cement plants, earth moving equip- 
ment, presses, printing machinery . . . produce steel .. . 
build capital equipment for industry .. . 


all over the world. 


help progress 


Vickers spend on—and learn from—research. Vickers 
have built the “Lido” swimming pool research reactor. In 
nuclear engineering they can provide equipment ranging 
from glove boxes to reactors. 


. Hoist power supply 

. Steel framed asbestos clad 
accelerator building 

. Accelerator transport truck 


1. Water main outlet 


. Lagging 

. Water main inlet 

. Klystron 

. Klystron Modulator Unit 

. Sub accelerator R.F. feed 

. Steering coil 

. Sub accelerator power supply 
. R.F. drive line 

. Accelerator tube 

. Supply and control cable rack 
. Travelling hydraulic hoist 


. Backing vacuum manifold 
. Support column shielding tube 
. Bitumen seal 
. Rotary vacuum pump 
20. Diffusion pump 


20 metre sub accelerator 


. Water outlet 
. Support alignment jack 
24. Support column 


Water inlet 
R.F. load 








Vickers designed 
LINEAR ACCELERATORS 


LINEAR ACCELERATORS FOR NUCLEAR PHYSICS, RADIOTHERAPY, PROCESSING. 


Vickers Research Ltd. can supply Linear Electron Accelerators for various 
applications. These include custom-designed equipment for 

nuclear physics, accelerators for radiotherapy 

and for processing (l1OMeV. SK W 

of electron power). 


Illustrated: Unit sections of a Multi-BeV Electron Linear Accelerator 
with one unit withdrawn for maintenance. Energy—100MeV; length 
—20 metres; R.F. power—20 MW. 
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» 
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For full information on Electron Linear’ Accelerators enquiries 
should be addressed to: 


VICKERS RESEARCH LIMITED 


BROOKLANDS ROAD WEYBRIDGE SURREY ENGLAND 


ay 


ps 
me 
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A member of the Vickers Group of companies 


VIGcgEaRS 


AIRCRAFT CONSTRUCTORS ENGINEERS SHIPBUILDERS STEELMAKERS 


The resources of the Vickers Group are available through their companies in Australia, Canada, Gt. Britain, India, Pakistan, Rhodesia, South Africa, USA 





Look at these Features ! 


Fast Scaler with 9 pre 


. Electronic Timer wit 
positions 


Triple range ratemeter 


short time const 
nnel Pulse He ght Ana 
250 to 2000V stabilised H.V. supply 
. Linear Amplifier. ser 
o£ very equipment I 


Chimney const 
neating 


Conservative rating o 
he]? iale Maal aeelelsliael me: 

Immediately replace 
circuit boards for m 


equipment 


- Quick release top 
complete access t 


. More than 90 
available 


. Operates directly with most types « 
tion detectors 


- Power supplies for external Head 
or Quench Unit 


Will operate printing register 

Connection for count rate recorder 

Tilt-up stand fitted for convenient viewing 
. Main functions push button selected 

Converts Easily to Rack Mounting Unit 


21. Recommended spares kit available 


Write for detailed specification: 


ISOTOPE DEVELOPMENTS LTD. 


BEENHAM GRANGE, ALDERMASTON WHARI 
NR. READING, BERKS Tel Woolhampton 4 
Re) [oe] me) 2414 2 


M te ndon. F 
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\\ a Lf 
test soundings 


... prove the soundness 


of Carlson stainless steel plate 


se EAVING THE LEAD’ may be the traditional way 

H to keep a boat off the shoals, but modern sound 
wave instruments do it faster and better. And, for a 
very different reason, modern sound wave devices are 
used to assure quality stainless steels. Carlson was one 
of the first producers to use ultra-sonic equipment for 
testing heavy gauge stainless plate. 


In ultra-sonic testing, sound waves take a penetrating 
look inside and positively determine structural quality. 
A complete report on the results of the test is supplied 
to the customer. By specifying ultra-sonic tested plate, 
builders of aircraft components and nuclear equipment 
can tell in advance that the material will meet their 
rigid requirements. 


Ultra-sonic is only one of the many tests used to 
maintain the high quality of Carlson stainless plate. 
The final, and most important test, is when you get 
repeat orders from your customers. 


Write, wire or phone for complete information on all 
Carlson services. 


AO, SAGES Osi he. 


138 Marshalton Road 
THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 





PLATES « PLATE PRODUCTS + HEADS + RINGS « CIRCLES « FLANGES « FORGINGS « BARS AND SHEETS (No. 1 Finish) 





Keithley electrometers for 


every 





seitaiey we 


dc laboratory test 


weree ne 
aeithler mote! 
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ors tune 
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- 

—~Onet 


ger are electrometer 


Model 610, line-operated, 59 ranges 


The Keithley 610 Electrometer is a laboratory workhorse, 
doing the work of several instruments. It covers the ex- 
treme spans of dc voltage, current, and resistance tabu- 
lated below, and is a useful preamplifier as well. It has 
precise gains to 1000, a dc to 500 cps bandwidth, and 
10-volt and I-ma outputs. Input resistance of the 610 
is selectable from one ohm to over 10!4 ohms. It checks 
its own resistance and voltage supply standards. Zero drift 
is comfortably within 2 millivolts per hour after warmup. 


Model 600, battery-operated, 53 ranges 


The Model 600 is a small, portable, battery-operated 
sister of the 610. Its many ranges also are tabulated 
below. Like the 610, its input resistance may be varied 
from one ohm to over 10'4 ohms, permitting an opti- 
mum balance of low circuit loading verus minimum pick- 
up. Output is sufficient to drive potentiometric recorders 
directly, with a dc to 100 cps band-width, and zero 
drift is within 2 millivolts per hour. The 600 will check 
its own batteries; minimum battery life is 500 hours. 





Need a few speciais? 


Recent Keithley develop- 
ments include instruments 
for the Navy’s Vanguard, 
for Army research balloons, 
and for Air Force research 
missiles. Your Special prob- 
lem will receive a prompt 
reply. 





FULL SCALE RANGES 
CURRENT 
10-!3 amp. to 
3 amperes 


PRICE 





RESISTANCE 


10 ohms to 
10!4 ohms 


10,000 ohms 
to 10!3 ohms 


VOLTAGE 


10 mv to 
100 volts 


10 mv to 
10 volts 





610 $465.00 





10°13 amp. to 


3 amperes $380.00 








600 











THREE ACCESSORY probes are available to facilitate . 1easurements and extend the 
measuring range to 30 kv (Model 610) or 10 kv (Model 600). A convenient accessory test 
shield permits rapid checks of small components. Write today for more details. 








KEITHLEY INSTRUMENTS, INC. 


12415 EUCLID AVENUE + CLEVELAND 6, OHIO 
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FENN 


METAL FORMING EQUIPMENT 


ROLLING MILLS 


FENN SWAGING MACHINES 


This Fenn Model 4F Rotary Swaging Ma- 
chine is being used for sizing and point- 
ing cermet-type fuel elements. Eight 
models in the complete Fenn line have 
capacity ranges on finished work from 
5/32” to 3-3/8” on solid bar stock and 
up to 6 on tubing. 


Sats the Face 


PRECISION 


Fenn manufactures a complete line of 
precision engineered Rolling Mills for 
rolling ferrous and nonferrous metal, in- 
cluding the newest alloys, in sheet, strip, 
wire or rod. There is a wide range of sizes 
and types for practically every rolling need 
from heavy breakdown to high speed wire 
flattening. Fenn mills. incorporate work 
rolls from 3” to 20” diameter with maxi- 
mum separating force at 100 FPM from 
19,000 to 1,750,000 Ibs. Fenn laboratory 


FENN DRAW BENCHES 


Ilustrated is a 25,000 pound Draw 
Bench used for drawing fuel elements to 
exact size over an arbor and then to 
stretch the arbor so that it can be easily 
moved. Fenn Draw Benches have ca- 
pacities from 2,000 to 40,000 pounds 
pull. They are designed for use with 
draw dies or Fenn Turks Heads. 


models are widely used in metallurgy, 
atomic research, and pilot run develop- 
ment. The inherent design of Fenn mills 
achieves great flexibility and extremely 
high separating forces. Illustrated is a 
Fenn heavy duty breakdown mill with 16” 
diameter rolls, used for the initial heavy 
breakdown of fuel element materials by a 
leading producer in the atomic energy field. 
Consult with Fenn’s engineering service on 
your requirements or write for catalog. 


Truly the core 
of your nuclear 
laboratory 


Visit Our Exhibit 


Booth No. 220 


ATOMIC INDUSTRIAL FORUM 


Cleveland April 5-10 


THE FENN MANUFACTURING COMPANY* 702 FENN ROAD ¢ NEWINGTON, CONN 
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ADVERTISEMENT 


“But Watson, I thought you knew 


I was interested in 


knowing the capture cross 


section of Gd” 


Yes, I thought you already knew why 
I was so interested in knowing the cap- 
ture cross section of Gd'™. You see, old 
boy, it’s a matter of simple deduction. 
As commercial reactor applications 
come closer to reality, neutron fluxes 
will be increasing. 

As you know, Lady Baskerville is 
contemplating the construction of a 
nuclear reactor on the moor some day. 
Surely, if it is to be a profitable ven- 
ture, we must use materials which will 
perform satisfactorily, and at the low- 
est possible total cost. 

Right now one of the important 
mysteries to be resolved is the selec- 
tion of the optimum control rod poi- 
son. As you know, sharp decreases in 
fosts of rare earth materials have 
made the use of these poisons look ex- 
tremely attractive. Now you see, Wat- 
son, tests indicate that inexpensive 
mixtures of gadolinium and samarium 
or gadolinium and dysprosium have 
good enough resonance integrals to 
give quite satisfactory rod worth in 
most systems. 

Yet, in calculating rod lifetime it is 
impossible to estimate performance 
without knowing the cross section of 
Gd', at least approximately. Without 
knowing the cross section of Gd'”, 
these physics blokes insist that it be 
assumed equal to zero. Hence a con- 
trol rod with a surface density of 1.5 
gm/cm* of gadolinium would absorb 
about 1.7 x 107! n/cm? in Gd!” and 


Gd'57 before losing its thermal black- 
ness. This is adequate for most com- 
mercial reactors now being built, but 
for some of the future, higher flux ma- 
chines, longer life would be highly 
desirable. 

If Gd‘ has a cross section of 1,000 
barns, the rod mentioned above would 
have a capacity of about 2.3 x 10* 
n/cm*, a cross section of 2,000 barns 
would result in a capacity of about 4 x 
10°'n/cm*,and a cross section of 5,000 
barns would yield an absorption cap- 
ability of 5 x 10*'n/cm*. So you see, 
Watson, either a longer lifetime or a 
lighter loading could be realized if the 
cross section of Gd'* were to prove 
substantial. 


One reason I’m so interested in this 
cross section, Watson, is that one of 
the Americans did some work about 10 
years ago that showed 3 atoms of Gd'* 
being consumed for every 20 atoms of 
Gd'* and 70 atoms of Gd'’*. Thus we 
have a clue that the cross section of 
Gd'* may be between 5,000 and 10,000 
barns. If this proves to be so, Watson, 
Gd'”, which has hitherto been indi- 
cated as a villain based on insufficient 
and circumstantial evidence, may in 
fact prove to be the hero of control rod 
technology. Several investigators at 
the laboratories are, or will soon be, 
researching this important matter. 
Please keep me informed as to their 
progress in analyzing the evidence. 





Now really, Holmes knows and should 
have told Watson that Lindsay is head- 
quarters for neutron absorbing rare 
earths for use in nuclear reactors. 

Lindsay can make prompt shipment 
of gadolinium, samarium, dysprosium, 
erbium and europium materials. They 
can be supplied as oxides, which can 
be custom-made with regard to den- 
sity and particle size, and also as other 
compounds or metals. 


PLEASE ADDRESS INQUIRIES TO 


We hope it will be reassuring to you 
for us to tell you in this advertisement 
that Lindsay has ample capacity to 
meet anticipated requirements for 
neutron poisons in the foreseeable fu- 
ture. Our technical staff is familiar 
with control rod technologies and is 
available to consult with you on these 
problems as well as to help you select 
the most suitable and economical mix- 
tures of materials. 


| INDSAY CHEMICAL | )IVISION 


American Potash & Chemical Corporation 


ILLINOIS 


OFFICES: CHICAGO * LOS ANGELES * 
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SAN FRANCISCO * 


272 ANN STREET © WEST CHICAGO, 


NEW YORK * PORTLAND (ORE.) 


ATLANTA * COLUMBUS (0 ° 
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SHREVEPORT 





An all-inclusive reference work, presenting the basic 
physical data so frequently called upon in scientific, 
engineering, and research endeavors. 





% One giant source of 
information 


.o. » «wx | AMerican Institute of 


contributors 


sow | Physics Handbook 


8 big sections 








Dwight E. GRAY, Coordinating Editor 


iy preparing this Handbook,the American tions you want on such matters as heat, 
Institute of Physics hascomeupwithan optics, nuclear physics, etc. Text matter is 
all-inclusive reference work. Just like the held to the minimum necessary to make the 
comprehensive handbooks familiar in other tabular information understandable and 
professional areas, it offers you similar fast, _ useful. 
reliable, wide-range reference—on all fields : ve 
of physics. Each section is the work of a number of 
° specialists in the field who have taken into 
Now you can save yourself hours of consideration the many recent discoveries 
searching through scattered reference works and advances, selecting and compiling for 
for the fact or formula you need to apply your immediate use the most generally 
physical methods in your work. The book helpful data available today. Over 1500 
is packed with the tables, graphs, andequa- pages, $17.50 


scoxxxcx Other Books Important to Modern Physicists 


INDUSTRIAL ELECTRONICS HANDBOOK TABLE FOR THE SOLUTION 
sad sunnedh sondas wha pas sages ak ad ao A OF CUBIC EQUATIONS 


industrial electronics and control. Covers the best in to- 
day’s electronic practice—from Geiger counters to multi- 
phase power rectifiers, including electronic switches, con- 
trol, automation, computers, and process control. Stresses all three roots of any equation using nothing more com- 
appix rng and the sss needs. Edited by W illiam D. plicated than a desk calculator. By Herbert E. Salzer and 
Cockrell, General Electric Co. 1408 pages, 969 illus: (© yy Richards, Convair Astronautics, and Isabelle 
trations, $22.50 Arsham, Diamond Ordnance Fuze Laboratories. 161 


APPLIED MATHEMATICS pages, $7.50 
FOR ENGINEERS AND PHYSICISTS NUCLEAR ENGINEERING HANDBOOK 


Helps you effectively analyze and solve today’s complex Comprehensively covers the field in standard handbook 
technical problems. Covers Fourier analysis, the Laplace form. Gives you nuclear theory, nuclear engineering 
transform, vector and tensor analysis, nonlinear differential — principles and techniques, plus much helpful reference ma- 
equations, and more, and helps you more easily obtain terial presented with thoroughness, detail, and dependabil- 
analytical formulation of problems for solution with high- _ ity Features information and data on the design of reac- 
speed computing devices. By Louis A. Pipes, University tors. Edited by Harold Etherington, Nuclear Products- 
of California at Los Angeles. Second Edition, 723 pages, Erco, Division of ACF Industries, Inc. 1870 pages, 706 
210 illustrations, $8.75 illustrations, $25.00 


Su 


POL OO Le BOLO LOLOL LOLOL LOOP? 


Supersedes all other such tables in number of decimal 
places, range, interval, required labor in finding all three 
roots, and convenience in use. With this book you can find 


prc ccom rrr ee 


McGraw-Hill Book Co. Dept FNU4, 327 W. 4ist St. New York 36 

Send me book(s) checked below for 10 days’ examination on approval. In 10 days I will remit for 
book(s) I keep, plus few cents for delivery costs, and return unwanted book(s postpaid. (We pay 
delivery costs if you remit with this coupon—same return privilege 


SEE 
ANY BOOK 
10 DAYS 
FREE 


Amer. Inst. of Physics Hdbk., $17.50 ] Salzer et. al.--Table for Solution of Cubic 
Cockrell —Indus. Elec. Hdbk., $22.50 Equations, $7.50 
Pipes Applied Mathematics, $8.75 __] Etherington Nuc. Engg. Hdbk., $25.00 
Name 
Address 
City and Zone . State 


AP Oa OLN LOO OP col” 


Position Company 


For price and terms outside U.S., write McGraw-Hill Int'l. N.Y.C. FNU-4 
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Airconium 
Is going 
to sea 


in America’s new 


nuclear-powered fleet 


ALLORY-SHARON zirconium is 

proving its advantages as a cladding 
material...in some of America’s newest 
nuclear-powered submarines. These advan- 
tages stem from zirconium’s unusual com- 
.. low neutron 
cross-section, good mechanical strength, 
excellent corrosion resistance. 


bination of properties . 


Proved, too, is the carefully controlled 
quality of Mallory-Sharon zirconium mill 
shapes. As America’s largest integrated pro- 


What this means 
to commercial users 


Mallory -Sharon’s large-scale chunklet pro- 
duction facilities are now in full operation at 
Ashtabula, Ohio. Chunklet prices are steadily 
being reduced...reductions which are imme- 
diately reflected in lower prices of zirconium 
mill products. With 1,000,000 Ibs. of zirconium 
to be available for commercial use this year, 
now is the time to investigate the economic 
advantages of zirconium in commercial 
atomic power applications. 


ducer of special metals, Mallory-Sharon is 
in a position to exercise strict quality con- 
trol at every stage of production—from raw 
materials to finished mill products. 

For proved reliability of product and 
unmatched technical know-how in applying 
zirconium and other special metals, contact 
Mallory-Sharon. Our strong Service Engi- 
neering group is ready to assist you. Or write 
for —““Technical and Application Data on 
Zirconium and Hafnium”’. 


MALLORY Ms SHARON 


MALLORY-SHARON METALS CORPORATION +: NILES, OHIO 


integrated producer of Titanium: Zirconium + Special Metals 


—_ 
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Businesspaper advertising brings you in- 
formation on new and better products, 
alerts you to new processes and production 
methods by which you can improve your 
own products. That’s why it pays to read 
the advertising in your businesspaper. 
Helps you keep an ear to the ground for 
new and important developments you can 
put to work—profitably. 


Businesspaper advertising helps to lower 
prices of the products you buy and sell by 
broadening markets, building sales volume, 
bringing you cost-saving opportunities. 
When you're looking for ways to lower 
costs and prices .. . give better value... 
and improve profits, it’s the editorial pages 
of your businesspapers that tell you how 
—and the advertising pages that tell you 
with what. 


Businesspaper advertising helps create de- 
mand, improve products, step-up produc- 
tion, distribution and sales. With new 
companies, new factories, new products, 
new services constantly being developed, 
you get a healthy, vigorous economy—a 
full-employment economy. Yes, sir! Ad- 


vertising works. And it works for you. 


dvertisin 
works 





Advertising Federation of America 


Advertising Association of the West 


Prepared for AFA and AAW by the Associated Business Publications in the interest of better understanding of businesspaper advertising. 





* 


c, 
“On 
te 
Le, 


T 
ESTING. . with unsurpassed reliability 


Newest version of Consolidated’s low-cost leak detector con- 
tains an integral cold trap and design changes which greatly 
extend analyzer life and provide optimum performance during 
weeks of continuous leak testing. On the quality-control line 
of Wiancko Engineering Co.—in constant operation up to 24 
hours a day — CEC’s 24-210A keeps the leak checkout of 
explosion- proof systems abreast of a crash-basis production 
schedule. 

As the ideal leak detector for aircraft, missile, and armed- 
services suppliers, this helium-sensitive mass spectrometer 
accurately locates leaks of 1 x 10°? atm cc/sec of air on both 


vacuum and pressure systems. Mobile operation in the shop 
is afforded by a wheeled workstand—specially designed for 
convenience. 

Constructed for years of economical performance, the 
24-210A features a stainless steel manifold system, standard 
110 volt/60 cycle line power for operation, and a large-volume 
cold trap which needs refilling only once an eight-hour shift. 

The instrument is designed for maximum operator efficiency 
in mass-production testing... offering the highest performance 
per dollar invested. Contact your nearest CEC Field Office 
for information, or write for Bulletin CEC 1830-X36. 


Analytical & Control Instrument Division 


CONSOLIDATED ELECTRODYNAMICS 300 N. Sierra Madre Villa, Pasadena, Calif. 


FOR EMPLOYMENT OPPORTUNITIES WITH THIS PROGRESSIVE COMPANY, WRITE DIRECTOR OF PERSONNEL 


4 


AUXILIARY TEST STATIONS...PSM 102 & 202 may be 
used with all CEC Leak Detectors for hooding, probing, 

and inside-out leak testing techniques. PSM 102 

is a semi-automatic or manual unit with one or two bell jars 
PSM 202 is fully automatic. Write for Bulletin CEC 4-62. 
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Anyone can make a heat exchanger 


It must be easy because there are 

currently 200 companies in the business. 

Many of these companies are primarily metal fabricators. 
Their products are fine for some industries. Other companies. 
Griscom-Russell for example, are specialists in the 
theory and engineering of heat exchange equipment. 

For over 90 engineering and research oriented years, 
Griscom-Russell has been designing and manufacturing a 
wide range of exceptional and economical heat 

exchange equipment. Many of our innovations are now 
standards. This reputation for knowing our business 
brought us into the nuclear industry during its early 
years. Satisfied customers have kept us here. 

Can we be of help to you? 











A 





Specialists in the 
engineering and construction 


of heat exchange equipment 


air, gas and liquid heat exchangers, 
coolers and heaters—finned and bare 
tube, evaporators, steam generators, 
condensers, tank heaters, air-cooled 
fin-fan exchangers, sea water distilling 
plants, helically and longitudinally finned 
tubing, and many other products. 


GENERAL THE GRISCOM-RUSSELL COMPANY 


Griscom-ffussel } oeecision 
COMPANY 








MASSILLON, OHIO 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


GrR-398 
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PROVIDING UNPRECEDENTED 


PROTECTION 
IN 
CRITICAL OPERATIONS 


PROUD RECORDS OF SAFE, TROUBLE-FREE PERFORMANCE, 
AND NEW, HIGH STANDARDS OF DEPENDABLE PROTECTION 
HAVE BEEN MADE BY CHARCO’S DRY BOX GLOVES, IN MAJOR 
A. E.C. INSTALLATIONS AND IN CRITICAL OPERATIONS OF 
NUCLEAR, BACTERIOLOGICAL AND INDUSTRIAL RESEARCH 
FIELDS IN THIS AND FOREIGN COUNTRIES! 


CHARCOS 
DRY BOX GLOVES 


FLEXIBLE, FINGER SENSITIVE AND COMFORTABLE! 
Offered Now In 
PREMIUM QUALITY ALL-MILLED NEOPRENE 


¢—"NEO-SOL”- 
And 
SEAMLESS, LEAD-LOADED, MILLED NEOPRENE 


» RAD-BAR” ==> 


Charco Dry Box Gloves are NOT made by the Latex Coagulation 
Process. They are manufactured of MILLED NEOPRENE by 
the Multiple-Dip Cement Method, using MOLECULAR solvent 
solutions of Neoprene, to meet demands and rigid specifications 
required in nuclear and bacteriological work. This method yields 
non-porous films of intimate molecular structure, with greater 
homogeniety and impermeability. These gloves are oil, chemical 
and ozone resistant, and withstand repeated steam sterilization. 


“RAD-BAR,” seamless, lead-loaded Neoprene gloves are manu- 
factured by an exclusive CHARCO formulation and are of a 
density of 3.95 grams per cubic centimeter. Under actual tests, 
“RAD-BAR” gloves have been proven to shield out soft gamma 
rays more than 80°. 


a5 Both “NEO-SOL” and “RAD-BAR” gloves are offered in a 


complete range of styles and thicknesses. The lead- 


NE |, SOL loaded “RAD-BAR” glove is offered not only in 


“Tay standard 32-inch Dry Box lengths but in standard 
short glove lengths. 


TESTED & APPROVED 


hee EACH DRY BOX«GLOVENS. 
HIGH VOLTAGE TESTED 


foiiiny Each CHARCO Dry Box glove must pass a severe high voltage electrical 
= test, after visual and all other inspections are completed. This electrical 
test positively insures freedom from hazardous defects, which might escape 
ne detection by other methods of testing and inspection. CHARCO’S thorough 
testing insures that the gloves provide effective containment and absolute 
SERVICE FOR protective integrity against contamination. 
SAFETY TODAY 


— PLANNING WRITE FOR ILLUSTRATED FOLDER ON DRY BOX GLOVES 
TOMORROB! We maintain our own completely equipped and staffed research and testing laboratory. We 


welcome the opportunity to help solve your problems. 


CHARCO 
RAG "DAR 


CHARCO ALSO 
MANUFACTURES 
TOP QUALITY 
INDUSTRIAL 
PROTECTIVE 
GLOVES IN BOTH 
OUR “NEO-.SOL” 
NEOPRENE AND 
HY.SOL” BUNA N 
FORMULATIONS 


CHARLESTON RUBBER COMPANY 


7 STARK INDUSTRIAL PARK ca CHARLESTON, SOUTH CAROLINA 
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Career 


Opportunities 
at NASA 


SPACE TECHNOLOGY 


Space vehicle development, including basic planning, 
development, contract coordination, and operational 
programming and planning for manned and unmanned 
satellites. Systems studies for auxiliary power supplies, 
air regenerative systems, instruments, guidance and 
communication equipment for space vehicles. 

Space probes: Development and operation of vehicles, 
payload and instrumentation, programming and opera- 
tion of flight, trajectory, communication systems, and 
ground support systems for near space and deep space 
probes. 

Beltsville 


SPACE MECHANICS 
Experimental and analytical study of orbital mechanics 
including parameters of preliminary and refined orbits, 
ephemerides, lifetimes, equator crossings and perturba- 
tions. 

Beltsville; Langley; Ames 


PROPULSION AND PROPULSION 
SYSTEMS 


Developmental studies of boosters, launchers, multi-stage 
engines, guidance and attitude control systems for space 
vehicles. 

Basic research on the interrelationships between elec- 
trical, magnetic and thermodynamic energy, and appli- 
cation of such knowledge to space propulsion. 

Magneto hydrodynamics: Research on plasma and 
ion accelerators for space propulsion and auxiliary power 
systems. 

Research on reactors and reactor shielding for aero- 
nautical and space propulsion systems. 


Beltsville; Lewis 


AERODYNAMICS AND FLUID 
MECHANICS 


Investigation of the thermodynamics and transport prop- 
erties of gases at high temperatures as enceuntered in 
entry into planetary atmosphere. 

Research on performance, stability and control, auto- 
matic guidance, and navigation for subsonic, supersonic, 
and hypersonic aircraft. 

Aerodynamic heating and satellite re-entry phenomena. 


Langley; Ames; Lewis; High-Speed Flight Station 


(Positions are filled in accordance with 
Aeronautical Research Announcement 61B) 


NASA directs and implements the Nation’s re- 
search efforts in aeronautics and the exploration 
of space for peaceful purposes and the benefit of 
all mankind. We offer unique opportunities in 
basic and applied research to scientists and engi- 
neers with degrees in the various disciplines. 

Briefly described here are representative cur- 
rent NASA programs. Openings exist in all of 
these programs, at the facilities named. 


INSTRUMENTATION AND 
COMMUNICATION 


Research and development of new sensing devices and 
instrumentation techniques in electronics, optics, aero- 
dynamics, mechanics, chemistry and atomic physics. 

Systems studies and evaluation of control, guidance, 
navigation, and communication equipment for space 
vehicles and other high performance applications re- 
quiring rugged and compact design. 


All Facilities 


GEOPHYSICS, ASTRONOMY AND 
ASTROPHYSICS 


Experimental programs and evaluation stifdies of astro- 
nomical and geophysical measurement and scientific 
equipment used in space vehicle payloads. 

Studies of fields and particles in space, investigations 
of the composition of planetary atmospheres, and de- 
velopment of instrumentation and experimental tech- 
niques for these investigations. 


Beltsville 
STRUCTURES AND MATERIALS 


Investigation of the characteristics of high temperature 
structures and materials. Study of fatigue, structural 
stability, and other problems of structural dynamics. 

Solid State Physics: Study of the elementary physical 
processes involved in mechanical behavior of materials, 
such as fractures; the nature of the corrosion process; 
and physical-chemical relationships governing behavior 
of materials. 

Langley; Ames; Lewis 


MATHEMATICS 
Application of advanced mathematical techniques to the 
solution of theoretical problems in aeronautical and 
space research, involving the use of large modern com- 
puting equipment. 

All Facilities 


RESEARCH. FACILITY 
ENGINEERING 


Translation of research specifications into complete ex- 
perimental facilities, involving mechanical, electrical, 
structural, architectural and machine design, and con- 
struction engineering. 

Langley; Ames; Lewis 


Please address your inquiry concerning any of the 
programs listed here to the Personnel Director of 
the appropriate NASA research center: 

Langley Research Center, Hampton, Virginia 

Ames Research Center, Mountain View, California 
Lewis Research Center, Cleveland, Ohio 

High-Speed Flight Station, Edwards, California 

Beltsville Space Center, 4555 Overlook Ave., 
Washington, D. C. 


LS tt 

NA SA National Aeronautics and Space Administration 
SSS tO 
52 
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auperior EXperience that counts in rolling the reactive metals 


materials for fuels — 
e uranium 
e thorium 
e uranium -niobium 


material for shielding 
and control — 


e boron stainless steel 


materials for cladding 
and structural parts — 


e zirconium 
e zircoloy 


The successful commercial production of various strip, sheet, 
plate and bar forms of these reactive metals is a Superior 
achievement based upon long-term pioneering, research, and 
the perfection of special mill techniques. Over the past six 
years we have supplied such fabricated metals to a number of 
reactor builders, meeting their exacting specifications. @ Your 
requirements are welcome—let us consult with you. 


SUPERIOR STEEL DIVISION 


OF 
COPPERWELD STEEL COMPANY 
CARNEGIE, PENNSYLVANIA 


For Export: Copperweld Stee! International Compeny, New York 





Now — Nuclear Instrumentation 


The Tracermatic concept is a dramatic advance in simplified, automatic 

nuclear instruments of exceptional versatility at lowest possible cost — an 
idea pioneered by TRACERLAB in its first instrument, the famous 
Autoscaler. 


racer. 


THE NEW TRACERMATIC SERIES— 


SIMPLIFIES YOUR EQUIPMENT NEEDS 
Exceptional versatility of the Tracermatic series enables you to do more jobs with 
fewer instruments. Its flexibility permits you to pin point the specific functions you 
need in buying an instrument or a system. 


SPEEDS YOUR WORK 

Readings are easier to take, settings easier to make. Simple, straightforward data 
presentation relieves you of tedious, manual data computation. Tracermatic sample 
handling systems are readily adapted to punch card or punch tape recording. 


SAVES YOU MONEY 

Initial cost is low. Reliability is at a new high through simplified circuitry. The flex- 
ibility of the Tracermatic series lets you grow into larger systems economically as 
your needs increase. 


Tracerlab 


1610 Trapelo Rd., Waltham 59, Mass 








2030 Wright Ave., Richmond, Calif 2419 South Bivd., Houston, Texas 


See TRACERMATIC equipment at the FEDERATION MEETING — BOOTHS 134 and 135 


Tracer/ matic SCALERS Tracer/ matic SPECTROMETERS Auto/step CHROMATOGRAM SCANNER 


very counting contain amplifier Jiscriminators, high Greater accuracy, greater sensitivity 


r and manual, re sislaeltlelemelteliiel Ma-tolebrelt1] 








Comes of Age... 


2500 or 5000 Preset Count 1 Microsecond 


Volt Power Supply 


Preset Time 





Auto/well UWQUiD SAMPLE CHANGER 
Automatic handling of liquid beta or 
gamma samples with exceptionally low 


background. Unusually simple and rugged. 





AUTO-COMPUTER 


Sample No. 
No. of counts 
Time (min.) 


Resolution Time Count Rate (cpm) 
Front Panel Non-Ambiguous DIRECT READING 


Di t Read-Out 
iscriminator IN COUNTS PER MINUTE 





SEND FOR CATALOG F 


Contains mplete 
script ms 


tions of these and oft 








LIQUID SCINTILLATION COUNTER 
Low cost, high sensitivity for Carbon 14 
and Tritium. Greatly simplified sample 


ive lareli tare | 


it Takes Hard Facing 
Specialists (not welders) 
To Apply (High, Super-Hard) 
Alloy Overlays That Combat Heat, 
Wear And Corrosion Problems 


; 
: 
3 
: 
a P 


The technique of applying super-hard, corrosion-resistant alloys to 
critical areas of ferrous metal parts requires a unique combination of 
skills and equipment. Far more than just a “welding job’, hard facing 
demands experienced know-how to assure optimum performance of 


the finished product. 


Cleveland Hard Facing, Inc. specializes in the application of these 
wear, corrosion and heat-resistant alloys and is equipped with the 
modern production methods and equipment to assure top quality, 
economical production. Equipped to handle the entire job from se- 
lection of the proper alloy to final finishing of the treated surface, 
Cleveland Hard Facing offers a dependable, low cost source for cus- 
tom hard faced parts that will meet your most exacting specifications. 


For complete information on the applications and advantages of hard 
faced parts and components, write for Cleveland Hard Facing’s 
descriptive brochure. 


Application Specialists Of Wear, Corrosion And Heat Resistant Overlays 


CLEVELAND HARD FACING Inc. 


3407 STILLSON AVENUE * CLEVELAND 5S, OHIO 
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It will also make p 
struction by et om 
American reactor j 
“than it burns. 


SYLCOR-supplied cg 
section containing’ 
diameter, composed 
alloy. End a 
composed of st 
uranium-molybd ‘ 
of 25 full-length rods sit 
core subassembly. 


it will be to your. 
SYLCOR and its enc taff of sc 
technicians. SYLCOR- sonnel and fi 
concerned with the production and engi 
and special reactor » In-pnore t 
specialized experience SYLCOR has produced more nuclear 
fuel elements than any other commercial supplier. eo" 
You can save time and money by- investigating the SYLCOR 
Package Fuel Plan. Under this simple plan you need only obtain 
allocation of the nuclear material required for your fuel. We then 
quote you a single fixed price for delivery of the completed ele- 
ments ready for loading the core. Write for “NUCLEAR FUELS: 
Key to Reactor Performance”, Sree ad be recent SYLCOR pub- 
lication, “Bibliography: on. Effects of Radiation on Solids”. 
Sylvania-Corning Nuclear Corporation, Bayside, N. Y. 


» 




















SYLVANIA= 





NOW ACTIVELY AIDING ACADEMIC TRAINING IN NUCLEONICS 


Student Reactor Training Laboratory. 
Instructor inserts neutron-sensitive scin- 
tillation detector into automatic traversing 
mechanism while students utilize special- 
ized instrumentation for neutron flux 
measurements, and gamma, beta, and 
alpha sample analysis. 


© first nuclear-chicago reactor training laboratories now delivered to colleges and universities 


* Deliveries have been completed 
to these institutions: 


California Institute of Technology 
University of Connecticut 
State University of lowa 

University of Nevada 
Occidental College 
University of Rochester 
Texas Technological College 


Utah State University 


Nuclear-Chicago’s Sub-critical Reactor Laboratory, first announced in 
January 1958, has been installed at eight leading U.S. Colleges and Uni- 
versities. Designed for student training, the complete laboratory consists 
of the new Model 9000 Student Sub-critical Reactor, a carefully selected 
group of radiation detection and recording instruments, and a manual 
of experiments specially prepared for the Student Reactor and related 
nuclear counting systems. Instrumentation and experiments are designed 
to familiarize students with basic nuclear detecting and measuring devices 
and analytical methods, and to provide valuable reactor training in 
determinations of neutron flux, Fermi Age in water, relaxation lengths, 
multiplication factors, neutron activation, and other reactor properties. 
If you have not yet considered this unique package training program for 
your institution ask us to send our representative to explain it in detail. 


You can see this reactor training laboratory at the Atomfair Booth 421 





Fine estiumants- Research Quateiy Radiochemicale nuclear - chicago 


c oOo fw fF OO Fa TT 1 ao W 
235 WEST ERIE STREET * CHICAGO 10, ILLINOIS 
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INSIDE A 





CAMERON FORGING 


AMS-6407 LANDING GEAR 
COMPONENT MUST 
WITHSTAND UNUSUAL STRESSES. 


Typical Properties 
Reduction 
Tensile Yield Elon- of Area 
Strength Strength gation Transverse 
A Tube, Transverse 236,000 203,000 12.7% 45.1% 
B Fork, Transverse 233,000 10.6% 31.9% 


A-286 JET ENGINE TURBINE 
WHEEL OF SPECIAL ALLOY 


MEETS UNUSUAL DEMANDS. 
Typical Properties 


Yield 
Tensile Strength Elon- Reduction 
Strength .2% Offset gation of Area 
Hub, Longitudinal 158,000 ’ 22.2% 40.0% 
Web, Radial 159,000 ’ 21.3% 40.0% 
Rim, Tangential 162,000 d 39.7% 
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UNIFORMLY FINE GRAIN SIZE 
and uniformly high properties from 
center to surface are characteristic of 
the Cameron technique. Intricate, 
unusual, or conventional shapes are 
produced in a single heat. 


INCREASED TRANSVERSE DUC- 
TILITY—several times above normally 
expected values. Transition from billet 
to final shape results in movement of 
metal under high internal pressure. 


HIGH ULTRASONIC STAND- 
ARDS are consistently met by internal 
working of the metal which breaks up 
segregated material inherent in the 
center of steel and high density alloys. 


PARTING LINE PROPERTIES-The 
totally enclosed method of forging, 
eliminating a flash line, avoids flash 
line magnetic indications and the 
localizing effect of the flash grain on 
transverse, fatigue, and stress rupture 
properties. 


Extreme service components for air- 
frames, jet engines, guided missiles and 
a wide variety of other end uses are 
finding a solution in the Cameron 
split-die forging process. If you have 
a problem . . . call, write or come by 


IRON WORKS, INC. 


SPECIAL PRODUCTS DEPARTMENT 
P. O. Box 1212, Houston, Texas 
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These 46 Sola-Flex" 
distributors can serve you 
anywhere... faster! 


WHEREVER YOU ARE LOCATED in the United 
States there is a dependable Sola-Flex 
representative nearby—ready to give 
immediate service and technical assist- 
ance on your expansion joint needs. 
This prompt, efficient service is but 
one of the many reasons why forty of 
America’s fifty largest businesses rely 
on Sola-Flex expansion joints to help 
solve difficult piping problems. 
(Another reason is the outstanding 
Sola-Flex record of performance and 
reliability. ) 

Solar manufactures the most com- 
prehensive line of expansion joints in 
the world. They are made from a 
wide variety of stainless and high- 
temperature alloys in a complete range 


of sizes from % in. to 35 ft in diameter. 
Temperatures range from —320F to 
1200F, pressures from full vacuum to 
600 psi and up. And rugged Sola-Flex 
expansion joints can be “in service” 
one to four weeks after receipt of order. 

A new pamphlet describes Solar’s 
complete line of Sola-Flex expansion 
joints. Write for it to Dept. F-139, 
Solar Aircraft Company, San Diego 12, 
California. 





SOLAR 


AIRCRAFT COMPANY 


SAN DIEGO 
OES MOINES 











ALBANY, N.Y.— Energy Control Co., 
1203 "Contra Avenue 
ATLANTA, GA.— oe dager wrt Co., 
06 tlapte Drive NE 
BALTIMORE, MO.— A... Contes Corporation 
2127 Maryland Avenue 
BIRMINGHAM, ALA.— Control Equipment Co., inc. 
1929 Shades Crest Road 
BOSTON, MASS.—T. F os 
1 Devonshire Street 
BUFFALO, N.Y.— Bass tnductriat | pone Co. 
6045 Main Street 
CHARLOTTE, N.C.— Mechanical Equipment Co. 
P. 0. Box 4066 
CHICAGO, ILL.— Piepenbrink & Schoonhoven 
53 W. Jackson Bivd 
CINCINNATI, OHIO—Aibert A. Azar & Associates 
1987 Connecticut Avenue 
CLEVELAND, OHIO —F. F. Eiseman 
627 Hanna Building 
CORAL GABLES, FLA.- Pan Amer. Western Co., inc 
2103 Le Jeune Road 
DALLAS, TEXAS — Power Specialty Co 
4512 N. Central Expressway 
DAVENPORT, IOWA —DECO Engineering 
320 Western Avenue 
DENVER, COLO. — Hank Thurstin Co 
475 Acoma Street 
DES MOINES, lOWA—DECO none 
12 Locust Street 
DETROIT, MICH.—A. ). Blecki 
408 en Building 
EL PASO, TEXAS — George S. Thomson 
611 N Campbell Street 
GREENSBORO, N.C.— Mechanical Equipment Co. 
P. 0. Box 965 
GREENVILLE, $. C.—Mechanical Equipment Co 
P. O. Box 1571 
HOUSTON, TEXAS Pewee Speciaity Co 
P. 0. Box 6365 — 2000 Kipling 
KANSAS CITY, MO.—Condit Co 
638 W. 39th Street 
LOS ANGELES, CALIF.— Southport gece f Co 
235 W. 32nd Street 
MEMPHIS, TENN.—T. J. O’Brien couineering Co. 
Main Street 
MINNEAPOLIS, MINN. — Arthur B pow 
3336 Hennepin Avenue 
NEW ORLEANS, LA. — Power Specialty Co 
5534 Canai Boulevard 
NEW YORK, N.Y.— Energy Control Co., inc 
5 Beekman Street 
NORTH HAVEN, CONN.— Energy Control Co., inc 
31 State Street 
OMAHA, NEB.—DECO Engineering 
716 S. 24th Street 
PHILADELPHIA, PA.— Energy one Corp 
7N Bross Street 
PHOENIX, ARIZ.—Geo. S meee Co., inc 
9155S Central Avenue 
PITTSBURGH, PA.—P. C. McKenzie 
3829 Willow Ave., P.O. Box 10396 
PORTLAND, ORE.—R. H. Brown Co 
5825 N. W: Front Avenue 
RICHMOND, VA.—H. M. Summereti Co. 
Suite 105 we es 
ROSELLE PARK, HJ.— Gooey, neg te 
2€ Westfield ‘Avenue 
SALT LAKE CITY, UTAH — a... — & Co. 
726 South Third West 
SAN FRANCISCO., CALIF.— Trident Engineering Co. 
16 Beale Street 
ST. LOUIS, MO.— O'Brien Equipment Co. 
2832 Olive Street 
TULSA, OKLA.—Condit Co 
1011 S. ~« Street 
WASHINGTON, GA.— Control Equipment £0, 
P. 0. & 565 
WILMINGTON, DEL.— Energy Control Gorn. 
900-A W. 8th Street 
BUENOS AIRES, ARGENTINA— Manuel A. vt 
Migueletes 1074 
EDMONTON, ALBERTA, CANADA 
Alberta Vaive Specialties, Inc 
8035 102nd Street 
HONOLULU. T.H.—Durant-irvine Co., Ltd 
450 Piikoi Parkway 
TOKYO, JAPAN — Nissho Co., 
Tokyo Boeki Kaikan Bide. % 1-Chome, Otemachi 
Chiyoka-ku 
TORONTO, ONTARIG, CANADA — 
Bass Industrial Equipment Co., by 
214 Merton Street 
VANCOUVER, 8.C., CANADA—Fieck Brothers, Ltd. 
110 Alexander Street 








ENGINEERS WANTED! Challenging projects, unlimited opportunities with Solar. Write today! 
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Interlocking lead brick and other unique lead protective products have mn ; 
been designed by Federated for the nuclear industry. Convenient lead containers, one pound tol0  _ 
ton casks, and larger to your precise specifications. Federated is long experienced in fabrication of 
cast, rolled and extruded lead products, sheet, plates, and piping. Asarco’s Central Research Labora- 

. tory offers a wealth of information about temporary and permanent structures to house or transport 
radioactive materials, For Jead protection call one of the convenient offices of Federated Metals Divi- 
sion of American Smelting and Refining Company, 120 Broadway, New York 5, N. Y. In Canada, 


Federated Metals Canada, Ltd., Toronto and Montreal. 


FEDERATED METALS DIVISION OF 
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A YEAR OF 
ATOMIC ACHIEVEMENT AT 


CURTISS-WRIGHT 


In EXPANDING the peaceful uses of the atom during the past year, Curtiss- 
Wright made impressive contributions toward bettering man’s way of life. 
Here are a few of these atomic achievements in research, development and 
production. 


At Curtiss-Wright the wide range research that eventually harnesses the 
atom is carried on in its own facilities. By 1957, Curtiss-Wright had designed, 
financed and built its own multi-purpose research reactor—its own beam room 
for neutron radiation—its own radiochemistry and metallurgical laboratories 
... and laboratories for the development of new reactor materials. This fore- 
sight and experience made Curtiss-Wright the logical choice in 1958 to supply 


nuclear research reactors to leading universities in the United States—and even 
on the other side of the Free World. In Thailand, a Curtiss-Wright reactor will 
establish that nation’s atomic research program. 


Now, review for a moment parts of the atomic development program at 
Curtiss-Wright. In 1958, Curtiss-Wright was selected by the U.S. Army to 
design and build a High Intensity Food Irradiation facility for exploring ways 
of reducing the need for refrigeration in preserving foods, in order to increase 
the variety available to troops in the field. Important progress was made, too, 
on other projects such as supplying Cobalt 60 and other gamma ray sources, 
together with related equipment for medical radiotherapy—and non-destructive 
metals testing using radiographic isotope cameras. 


The full importance of Curtiss-Wright contributions can be grasped by this 
one fact alone: Today more than one hundred leading manufacturers are de- 
pending on Curtiss-Wright nuclear measurement systems and industrial con- 
trols to help guard the quality — and lower the costs — of myriad products on 
the market. Examples of such products are paper, linoleum and plastics .. . 
packaged goods... and free flowing materials. 


Curtiss-Wright achievements in each of these areas are improving our 
standard of living. The progress made points the way to better products for 
America and all the Free World tomorrow. 


VISIT OUR BOOTH 429 
ATOMrAt 5-WRIGHT= 
Cleveland, Ohio, April 5-10 


CORPORATION + WOOD-RIDGE,N. J. 





For information on Curtiss-Wright nuclear products and services, write: 
Director of Nuclear Sales, Curtiss-Wright Corporation, Quehanna, Pennsylvania. 


SES sesame 
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NEW PHOTOTRANSISTOR 


FOR G. T. EXCLUSIVE FEATURES 
e Miniature Size 
MILITARY AND : Gaetan 
INDUSTRIAL ® High Transistor Gain 


°® Low Leakage Current 


APPLICATIONS ® improved Light Sensitivity 


(" 
, 


Wide If can broaden photoelectric 





| 


=e 


equipment designs lel, with this new advance in phototransistors. Up 
| 


Many applications in military and th industrial electronic 


equipment, i ry using light rays for activation, will utilize the 
General Transistor PNP type 2N469 fl ACTUAL SIZE 


This miniature, optically sensitive CQ unit is 


— 


| 
extremely reliable and resistant to shock | and vibration ats se hermetically 


sealed in a metal case with glass headers 4e==) ->>light is applied through 


the glass top of the case. Tinned flexible leads may be soldered 


directly into circuit ES or used with standard sockets. 


Write today for illustrated folder, H Bulletin 2N469, 


containing complete information, 4‘f] ~ diagrams and engineering 


Specification ||| —please mention your application. 


bens! 
GENERAL TRANSISTOR 
CORPORATION 


91-27 138TH PLACE © JAMAICA 35 © NEW YORK 


Rj “THE FASTEST GROWING NAME IN TRANSISTORS" 
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ANOTHER GAMMA RADIATION FACILITY 


from NUCLEAR SYSTEMS 


Recently a major oil company came to Nuclear Systems with a rigorous set 
of specifications for a cobalt 60 irradiation facility, including: 


e Dual irradiation chamber e Large sample containment 


e High flux level e Variable diameter annular source 


e Extremely low surface dose rate : } 
e Connections for lab utilities to sample 


e Provisions for high temperature 
irradiations e Source strength—20,000 curies 


Unit must be completely self-contained—no auxiliary shielding—and com- 
pletely mechanical in operation, with a series of interlocks to provide fool- 
proof operation. 

Working with their engineers and research people, Nuclear Systems came 
up with an approved design which met all specifications as well as A.E.C. and 
Bureau of Explosives requirements. The unit will be produced, tested and 
delivered early this Spring. 

If you have a requirement for a cobalt 60 irradiation facility, Nuclear 
Systems offers the most complete service in the field. 


PHILADELPHIA CHICAGO SAN FRANCISCO 


| i Om Ee <a: ee ee ee, 2? 


Z APCs 
A DIVISION OF THE BUDD COMPANY, Philadeiphia 32, Pa 
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The special pumping demands of nuclear 
installations— whether stationary, portable 
or mobile—are actually a combination of 
many different, and usually difficult speci- 
fications. 

To satisfy these complex requirements, 
Byron Jackson uses the same basic skills 
and methods which have made BJ a leader 
in the design and manufacture of special 


Probiem: 

HIGH PRESSURE AND HIGH TEMPERA- 
TURES both were required operating condi- 
tions, along with maximum pump reliability 
and economy for the Dresden Nuclear Power 
Plant of the Commonwealth Edison Company. 


Solution: 


Shown here on a hot loop test in BJ’s laboratory 
before delivery, this mechanically-sealed pump 
meets all specifications of handling de-mineral- 
ized water to 1250 psig suction pressure and at 
temperatures to 574°F. It delivers 1700 gpm at 
130 foot total discharge head. 





J) Specialists in solving N 


engineered pumps of all types for most of 
its 86 year history. 

Shown below are some actual require- 
ments for nuclear pumps which BJ engi- 
neers have successfully solved. One of 
these, or one of the many other BJ installa- 
tions may be similar to your own needs. 
Our engineers always welcome the oppor- 
tunity of discussing them with you. 





Problem: 

SELF-VENTING ZERO LEAKAGE pump for 
high pressure, high temperature operation on 
General Electric’s Hanford experimental water 
loop. 


Solution: 


The BJ hermetically-sealed liner-motor design 
with double thrust bearings allows self-venting 
inverted operation of this 45 H.P. pump for 
dependable, zero leakage performance at 2500 
psig, 650°F. 






Nuclear Pumping Problems 



















Problem: 
=a 


REACTOR SAFETY-—In the event of a power 
interruption or failure on General Electric’s 
Hanford Plutonium Recycle Test Reactor, the 
primary coolant pump would decelerate faster 


than the automatic control mechanism could 
| of complete the reactor shutdown action. A critical 

high temperature condition could occur before 
* 













it could be corrected. 


Solution: 


This BJ Mechanically-Sealed Pump was 
designed with an integral flywheel for a con- 
trolled decay curve, assuring circulation until 
the reactor is safely shut down. It handles heavy 
water at 550°F under 1500 psig. 


_ 


Problem: 


PUMPING 1000°F BISMUTH—with 
zero cover gas leakage posed a prob- 
lem for the Brookhaven National 
Laboratory. An important addi- 
tional requirement was a practical 
means of inspection and mainte- 
nance. 





Solution: 


Using a hermetically-sealed, gas- 
filled motor, this BJ design accommo- 
dates the entire bismuth expansion 
at all system temperatures, and 
requires no liquid level controls. Its 
full length pull-out construction 
allows simplified removal by remote 
handling equipment for mainte- 
nance or inspection. 
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Nuclear Pumps 


Byron Jackson experience, p/us 


...special designs From the world’s largest liquid 
sodium pumps — (three 1000 HP, 12,000 gpm units) — 

to acompact % HP liner-motor unit—BJ designs for the 
job. The success of these nuclear pump designs is 

proved through the installation or specification 

of BJ pumps on every major commercial reactor in ¢= 
the United States. ( 
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...special equipment Completely dust-free | 
environment is provided in Byron Jackson’s modern 
“clean room” assembly facility for nuclear and 
special pumps. 
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...special techniques This radiographic X-ray 
is only one of the continuous inspections that insure 
reliable performance. Special welding, helium leak 
testing, and BJ’s hydraulic hot and cold test loops provide 
further quality control. 


Seeeeeeeceeetese 
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Byron Jackson Pumps, Inc. 


SUBSIDIARY OF BORG-WARNER CORPORATION 
P.O. Box 2017, Terminal Annex, Los Angeles 54, Calif. 
Telephone LUdlow 7-6171 
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Experlence—the added alloy in A-L Stainless, Electrical and Tool Steels 





GUARANTEED PERMEABILITY OF MOLY PERMALLOY... 
at values higher than old average specifications 


Molybdenum Permalloy nickel-iron strip is now avail- 
able from Allegheny Ludlum with guaranteed permeability 
values. And the mew guarantees are much higher than 
the old typical values. This exceptionally high quality 
means absolute uniformity for the user—new consistency 
and predictability for magnetic core performance. 

Improved permeability of A-L Moly Permalloy is the 
result of Allegheny’s program of production research on 
nickel-bearing electrical alloys. A similar improvement 
has been made in AL-4750 strip steel. Research is con- 
tinuing on silicon steels including A-L’s famous Silectron 
(grain oriented silicon steel), plus other magnetic alloys. 


ALLEGHENY 


wsw 7273 


Another plus in dealing with Allegheny Ludlum is the 
operation of complete lamination fabrication and heat 
treatment facilities. A-L’s years of experience in produc- 
ing quality laminations result in practical know-how in 
solving problems common to core materials. 

This working knowledge is available to all. Give us a 
call for prompt technical assistance on any problem 
involving electrical steels, laminations, or magnetic 
materials. Write for more information on A-L Moly 
Permalloy. Allegheny Ludlum Steel Corporation, Oliver 
Building, Pittsburgh 22, Pa. Address Dept. NC-16 


LUDLUM 4 


STBELMAKERS TO THE ELECTRICAL INDUSTRY 
— 


Export distribution, Electrical Materials: AIRCO INTERNATIONAL INC., NYC 17 
Export distribution, Laminations: AD. AURIEMA, NYC 4 
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@ only 8%" high 


® uses interchangeable 
plug-in logic units 


® provides complete versatility 
and portability 








... A Transistérized /256-Channel 
Analyzer 


MODEL CN-110 

256-CHANNEL ANALYZER 

WITH PLUG-IN MODEL 210 
PULSE HEIGHT ANALYZER UNIT 


Write for complete data on the Model 
CN-110 and standard plug-in logic units. For 
details on custom logic units and data 
readout programmers, outline your specific 
requirements. 


70 


THE BASIC CN-110 IS THE MEMORY containing all the elements for complete 
magnetic core data storage — memory current drive, cycle control binaries, address 
and arithmetic binaries, power supplies, etc. 


PLUG-IN LOGIC UNITS make several different analyzers available in the time 
it takes to interchange units. Standard plug-in units are available for Pulse Height 
Analysis, Time of Flight Measurements, Count as a Function of Time; units for 
special programs can be built to order. 


CARRY THE SYSTEM TO THE OPERATION — the completely transistorized 
Model CN-110 weighs only 40 lbs. (including logic unit), and is only 834” high. 
It is easily carried by one person to any location. With auxiliary readout system, 
total weight is approximately 100 lbs. — over 1500 lbs. less than equivalent systems 
using vacuum tubes. 


NO COOLING PROBLEMS — the complete use of transistors in the Model 
CN-110 reduces heat dissipation — air conditioning or bulky blowers are not 
required; total power less than 10 watts. 


MANY TYPES OF READOUT may be used — analog... binary .. . octal and 
decimal. Data can be recorded on strip chart or X-Y recorders . . . printed paper 
tape . . . magnetic computer tape . . . punched paper tape . . . punched cards. 
The Model 220 Decimal Converter, available as an accessory, is designed specifically 
for use with the CN-110. It includes a paper tape printer which prints channel 
number and count number on the same line (with 3-space separation). During the 
counting period, the Model 220 also functions as a live time indicator and automatic 
dead time corrector. 
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help to shape your atomic future 


. 
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It takes more than a pioneering spirit to build > 
atomic vessels. CB&l’s pioneer vessel, an atom 

smasher for the University of Minnesota, was 16 

years old when we completed the “Big Sphere’”’ 

— 225 feet in diameter — for Knoll’s Atomic 

Laboratory. Since then, 9 additional steel re- 

actor housings have been completed, or are 


under construction, by CB&I. 


These years of research, together with engi- 
neering, fabrication and erection for the atomic 
industry, have brought new experiences... 
even to a company with seven decades of crafts- 
manship in steel. 


CB&I’s experience can be of great value to 
firms which rely on precision-engineering struc- 
tures. It will pay you to learn more about CB&I’s 
coordinated services. Write our nearest office 
for the brochure: Craftsmanship in Steel. 


THE DRESDEN SPHERE a new sound-color film traces fabrica- 
tion and erection of a 190-foot sphere. Showings will be 
arranged upon written request. 


7 ae EE pee. 


WEST MILTON, N. Y. 


Chicago Bridge & Iron Company hg 


Atlanta + Birmingham « Boston « Chicago * Cleveland + Detroit * Houston * Kansas City (Mo.) LAGOONA ACH. MICH 
New Orleans « New York » Philadelphia « Pittsburgh + Salt Lake City soo es : F 
San Francisco + Seattle * South Pasadena + Tulsa FT. GREELY, ALASKA 
Plants in Birmingham « Chicago « Salt Lake City + Greenville, Pa. » New Castle, Delaware CAMBRIDGE, MASS. (M.1.T.) 
SUBSIDIARIES: 
Horton Steel Works Limited, Toronto; Chicago Bridge & Iron Company Ltd., Caracas LIVERMORE, CALIF. 
Chicago Bridge Limited, London; Chicago Bridge Construcoes Ltdo., Rio de Janeiro 
REPRESENTATIVES AND LICENSEES: ROWE, MASS. 
Australia, Cuba, England, France, Germany, Italy, Japan, Netherlands, Scotland DAYTON, OHIO 
ELK RIVER, MINN. 
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There’s plenty of room at the top 


.-- but there’s lots more room 


at the bottom 


Look around you. How many men do you see 
at about your job level and income? Know them 
pretty well, don’t you? Are they smarter than you 
are? Do they work any harder? Do they possess 
some “something” that you don’t have? 

No, of course they don’t. And yet, five years from 
now, some few of you are going to be lots closer 
to the top of your company. There’s lots of room 
up there — management needs able-brains as never 
before. But, warning! There’s still lots more room 
at the bottom! 

Is there a shorter, surer route to that better job, 
that bigger paycheck, that pride of achievement? 
There is, but it’s no Easy Street. You still have to 
supply the energy and effort. How? By digging in 
zealously with a more intensive, regular reading of 
the magazine you’re holding in your hand right 
now. Look ahead, read ahead, get ahead. 

McGraw-Hill editors write it exclusively for you. 
Nobody else. It’s all about you and your job and 
your problems. Nothing else. News, fact, trends — 
today’s tasks and tomorrow's opportunities, As in- 
spiring as it is informative. Reads lively. Keeps you 
on your toes. Makes important people notice you. 
What’s more — you'll enjoy it .. . for it’s just about 
as personal as any publication could ever hope to be. 


McGRAW-HILL SPECIALIZED PUBLICATIONS 


The most interesting reading for the man 
most interested in moving ahead 




















Westinghouse tube engir 


serving the nation through imagination 


The proven performance record of 


WESTINGHOUSE 
NEUTRON 
DETECTORS! 








WL-6376 





WL-6307 


Compensated lon Chamber—WL-6377—In production for over 
five years. Operating reliably in more than 20 power reactors and 20 
research reactors. Designed into more than 30 power reactors and 
10 research reactors under construction. 


Fission Chamber Class—WL-6376, WL-6941 or WL-6971—In 
production for over five years. Operating reliably in more than 10 
power reactors and 20 research reactors. Designed into more than 
20 power reactors and 10 research reactors under construction. 


Uncompensated lon Chamber—WL-6937—In production for over 
two years. Operating reliably in more than 15 research or test reactors. 
Designed into more than 15 research or test reactors and two power 
reactors under construction. 


Proportional Counter Class—WL-6307, WL-6998, WL-7087 or 


WL-7243—In production for over five years. Operating reliably in 


more than 10 power reactors and 2 research reactors. Designed into — + petted ae ae “ 
on mM: w re ad 
more than 30 power reactors and 2 research reactors under con- pee he bm tenieimmaeenan 


struction. an outstanding performance record. 


you caw Be SURE...1F rvs 


: Ny OTE Westinghouse’s high temperature de- ; ° 

, 8 tectors will be ready soon. See them at ‘ W h 

. & the Atom Fair in Cleveland, April 6-10. - esting ou Se 
; e Electronic Tube Division Elmira, N.Y. 
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The steel reinforced, solid concrete barrier door pictured 
above was cast in a continuing pour to +e” tolerance. 
Physical Dimensions 


Length 14 ft 
S Height 6 ft 
J Thickness 3 ft 
a s To operate this door, Ameray engineered and furnished the 
ve rtical lift complete electrical drive mechanism as well as the 16” 
solid steel lower barrier doors. 
Ameray’s experience in the design, engineering, develop- 


ment and installation of nuclear products enables us to 


concrete offer the widest possible line of radiation 
tC) protection products for both standard 





and custom requirements. 


» a 
ga Sy For a complete description of the hun- 
Shielding door pe. Bee taal } dreds of Ameray Nuclear Shielding 
— . Products, write today for our new 
72 page catalogue. 


a 3 ce E a et +: 4 Another Product Safety Engineered by 
FURNISHED C T 
WITH OPERATOR BY AMERAY ameray 
FOR THE NASA REACTOR, CORPORATION x 
SANDUSKY, OHIO 70 ROUTE 46, KENVIL, N. J. FOXxcROFT 6-4100 


In New York call: BOwling Green 9-0412 
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IN SRE... Zallea expansion joints absorb thermal 
expansion of reactor core tank and outer tank 


The very nature of the Sodium Reactor Experiment, conducted by Atomics International 
for the AEC, and the method of handling the liquid sodium reactor coolant demand 
reliability in expansion joints. Because of the operation there can be no compromise in 

design or quality. 
The high temperature SRE uses Zallea Expansion Joints where thermal expansion must 
be absorbed and where a gas seal must be maintained. An 11-ft. diameter Zallea 
Expansion Joint at the top of the outer tank absorbs the expansion that results from 
the temperature increase in these components as the reactor comes up to operating 
temperature, 960°F. In addition, the expansion joints form a seal for the helium 
gas and sodium vapor above the sodium pool at the top of the reactor as well 

as for the helium gas within the outer tank. 


In the sodium coolant piping circuit gas seals are effected by means of Zallea 
Expansion Joints in the region where the pipes leave the reactor cavity and 
enter the pipe galleries. 

Zallea has worked with almost every major engineering and manufacturing 
firm engaged in atomic, nuclear and missile work—and has provided the large 
majority of expansion joints for such projects. As a result, we have accumu- 
lated a store of expansion joint engineering data and manufacturing skills 
that cannot be equalled. Whenever expansion is involved in piping systems, 
reactors, tanks—whatever the application—let our engineers-work with 
you. We already have the answer to many of the difficulties you will 
encounter. And we welcome the chance of tackling your problem. 


expansion joints 


ZALLEA BROTHERS, Wilmington 99, Del. « World's largest manufacturer of expansion joints 


i —— 
- en =, 
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1 | Welding for - 


te 
Nuclear Component Production 


ie s exceptional . 


| Facilities and Abilities. 


In this young, swiftly advancing 
field, Avery and Saul has already 
© Experienced Project Engineering recorded enviable experience in 
welding, machining and assembling of 
Nuclear Components. The company has 
built a talented team of technical 
personnel, plus a depth of superb 
facilities ... strict prerequisites in 
dependable, knowledgeable manufacture 


®@ Grade A Clean Room of complex nuclear fabrications. 


We invite your inquiries. 


@ Large Machining Facilities such as 10’ x 10’ x 40’ 


Shaner COMPANY 


115 RINDGE AVENUE EXT., TEL. UNiversity 4-9070, CAMBRIDGE, MASS. 
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DECONTAMINATION PROBLEMS? We are experienced specialists in this field of nuclear 


engineering. 


After having constructed the decontamination plants for the 
German reactor stations in Munich, Berlin and Karlsruhe we 
have now secured an order for 


Cooling water clean-up and decontamination for 
the first German nuclear power plant. 


This project of RWE at Kahl/Germany involves a 15 MW 
boiling water reactor which will be built by AEG and General 
Electric. 


Jointly with another firm PINTSCH BAMAG AG. have 
developed special thin-film evaporators with maximum 
purification factor for decontamination plants. 


Dry radioactive concentrate can be drawn off from this dual- 
stage evaporator with vapors recompression. Therefore you 
don’t have to worry about chemical composition and salt 


content of your “hot” water. 
More than 50 years experience in chemical engineering; one of 
the first German Companies engaged in nuclear engineering: 





PINTSCH BAMAG 


AGTIiGweeCeeseetCteeewe ar F 


Represented in the USA by Columbia Technical Corp. 
TEA +/1-59 61-02 Thirty-First Avenue Woodside 77, New York U.S.A. 
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miniatul ic 


POTENTIOMETER 
and BRIDGE 
INSTRUMENTS 





Large-scale Dyna- 
master ~—11" chart. 


The now-famous 
Shippingport, Pa., 
Atomic Power Sta- 
tion... The Bristol 
Company is cne of 
the instrument 
suppliers. 


BRISTOL Indicating Eiectronic Dynamaster* Potentiometerand Bridge 
(shown below) has 8” effective scale length. Recording Electronic 
Dynamaster (left) has 3” chart. Panel sizes: Only 5" x 5"’. 








\ 








and test reactors 


More and more reactors are going on the 
line under Bristol measurement and con- 
trol, and they’re specified for many more 
under construction. 


Miniature Bristol Electronic Dynamaster* Indicators and 
Recorders, furnished as either potentiometers or bridges, 
can measure any variable that can be transduced to an elec- 
trical quantity... pressure, flow, temperature, liquid level, pH, 
and conductivity. Already, in the nuclear industry as in hun- 
dreds of others, these high-precision miniature instruments 
are establishing an outstanding record for reliability, con- 
sistent performance, and utmost flexibility. Here are just a 
few reasons why: 

FULL PLUG-IN FLEXIBILITY. You can interchange chassis in 
ten seconds... replace it with either recorder or indicator 
instruments... both plug in easily without tools. Chassis 
also pulls out to intermediate position for chart changing 
and inking without disconnecting from circuit. Easy range 
change, too. 

These features simplify planning of graphic control panels. 
Fifteen miniatures mount in less space than two full-sized 
units. The Bristol Company, 147 Bristol Road, Waterbury 
20, Connecticut. os *T.M. Reg.U.S. Pat. OF. 


BRIS i OL TRAIL-BLAZERS IN PROCESS AUTOMATION 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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Fansteel Announces 

the lirst Space-Age 

Breakthrough in the 
Fabrication of Tungsten! 


Tungsten! By Deep Drawing! 


Once again, Fansteel has unlocked the door to unlimited 
new uses for a valuable metal! Now we have ways to fabri- 
cate tungsten into involved shapes heretofore impossible . . . 
and through such economical processes as spinning, deep 
drawing, hot extrusion and forging! 


Now... tungsten—with its melting point of 6152°F., highest 
of all metals, its terrific strength at high temperatures, its 
outstanding density of .697 lbs./cu. in.—can be exploited to 
the fullest. Great advances can now be made in the fields of 
missiles, nucleonics, aviation, medicine ...even consumer 
products. Fansteel has broken through to the secret of fabri- 


cating tungsten... its potential is now unlimited. 


Imagine rocket nozzles with tungsten’s fabulous heat/strength 
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Tungsten! By Spinning! 


properties. Or a tungsten-encased atomic power plant weighing 
just five pounds. Picture a pure tungsten gyroscope rotor, al- 
most 25% smaller than is now possible, yet retaining complete 
functional reliability due to its low coefficient of expansion. 


Tungsten electronic tube components, tiny wristwatch fly- 
wheels and thousands of other applications are now also 
feasible with Fansteel’s tungsten fabrication know-how. 


This revolutionary knowledge is so new that we can’t supply 
bulletins, technical information, or other printed data. But 
our engineers will be glad to cooperate with your own de- 
signers and production people in adapting tungsten and these 
new fabricating techniques to your part or product. Just send 
print, part samples or call in the Fansteel representative. 


HIGH TEMPERATURE ~: 
METALS 





Purity Up... Prices DOWN 


on Davison mass-produced reactor materials 


ENRICHED 

URANIUM, 

- “BUTTON 
DERB 


In less than two years, Davison cuts costs more than 50% 
...helps speed economic nuclear power for private industry 


TYPICAL ANALYSIS IN PPM TYPICAL CURRENT PRICES 


i : : Depleted Uranium Metal $ 4.85 per lb. 
si Baricheg Mets! Sarit one Depleted Oxide 3.30 per Ib. 
— : Retr: 1.6% Enriched Uranium Metal 5.60 per lb. 
Carbon 100 Negligible 1.6% Enriched Uranium Oxide _—6.75 per lb. 
Copper 50 20 25% Enriched Metal 65.00 per Ib. 
Tron 25 100 Highly Enriched Oxide 100.00 per Ib. 
Nickel 200 55 , For uranium metals and oxides, contact Davison. 
Nitrogen % Negligible For a complete line of thorium products, contact 
Chromium 5 50 Davison. For cold enriched scrap recovery service, 
Silica 50 100 contact Davison. 


Total cross-section of impurities less than 
equivalents of 5 ppm of boron. 


w.r. GRACE aco. ' 


DAVIGON CHEMICAL DIVISION 
ERWIN, TENNESSEE 
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L&N Modules for reactor control 


These compact, plug-in chassis units keep your 
reactor under control from start-up to shut-down. In- 
corporating new concepts of reactor control, L&N 
Nuclear Modules provide simplified calibration, op- 
eration and maintenance — allow checking of com- 
ponents while the reactor is operating. Pulse channels, 
Logarithmic channels and Linear-servo channels con- 
tinuously monitor flux at all power levels. And at all 


For more detailed information on the application of 
these exceptional components, ask for Data Sheets 

EN-03(1), (2), (3), and (4). Leeds & Northrup, TY 

Nuclear Systems Group, 4936 Stenton Ave., Phila. 44, Pa. 
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times the reactor is under constant surveillance by 
load-sharing safety channel modules. 

Here is a “building-block” approach, so flexible you 
can augment your control as your requirements change 

. and still maintain a reliable and safe system. This 
illustrates another example of Leeds & Northrup lead- 
ership in the design of instruments and systems for 
the nuclear industry. 


a 
aes | 


LEEDS & NORTHRUP 


Instruments | Automatic Controls « Furnaces 




















WHERE THERE’S BUSINESS ACTION THERE’S A BUSINESSPAPER 


In any kind of racing—man, beast, or automotive—the 
“inside track” is the favored position. 

Same holds true in the business race. But here the “inside 
track” means having more information—sounder informa- 
tion, more complete information, more timely information. 
The astute businessman—the man on top and the man 
on the way up—gets that information from the business- 
paper he subscribes to in his particular field. He reads 
for profit, not for pleasure. He searches for facts he needs 
to make decisions. For fresh ideas. For new methods. For 
new products he can put to work. He reads, in short, to 
get the “inside track” against competition. 


And he finds much of what he wants and needs in the 
advertisements in his businesspaper. So, logically, he reads 
the advertising with the same scrutinizing care he devotes 
to the editorial pages. 

Take a tip from the man on the move who wants to keep 
his job and his business moving—on the “inside track.” 
Subscribe to your businesspaper. Read every issue. Care- 
fully. Thoroughly. Searchingly. 
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To S@€ the soundness of 


National Lead Extrudense brick... 


Saw it 





Lead brick produced by National Lead’s extru- 
sion process — forcing the metal through dies in 
powerful hydraulic presses — are bound to be 
sound... solid lead from end to end, side to side, 
top to bottom. 


Extruded brick have uniformly high density, 
freedom from voids, clean profile and a glass- 
smooth surface. 


The internal soundness of National Lead’s 
Extrudense lead brick is easy to prove. Sawed 


Workman saws off length of Extrudense lead “two-by- 
four” as it slowly rises through opening in platform at 
top of extrusion press. This long bar goes to cutting table 


where... 


National Lead Shielding be 


Vol. 17, No. 4 - April, 1959 


, 


through in any direction it will be virtually im- 
possible to find a flaw. As a matter of fact, every 
brick is sawed, to its six or eight inch length, 
from the long bar that comes from the extrusion 
press. (See photographs below). 


Extrudense lead brick, curved or flat, for two- 
inch, four-inch and six-inch protection are regu- 
lar production items in National Lead’s plants. 
Get in touch with our nearest branch when you 
want shielding lead produced with National Lead 
know-how. 


Workman precision saws extrusion into regular-length 
Extrudense brick. Curved brick are similarly extruded 
and sawed, then machined to curve ends to provide both 
more effective shielding and an interlock. 


NATIONAL LEAD COMPANY + New York 6; Atlanta 9; Baltimore 3; Depew 
N. Y.): Chicago 80: Cincinnati 3; Cleveland 13; Dallas 2; Pittsburgh 12; 
St. Louis 1; Boston 6 (National Lead Co. of Mass.) ; Los Angeles 23 (Morris P. 
Kirk & Son, Inc.); Toronto, Canada (Canada Metal Company, Limited 
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Monel alloy counters UF, attack on lines and fittings carrying corrosive 


Two Inco Nickel Alloys lengthen life of 
equipment processing nuclear fuels commercially 


Mallinckrodt Chemical Works pro- 
duces reactor fuels of uranium diox- 
ide and other uranium compounds on 
a commercial basis at Hematite, 
Missouri. Enrichment of these ura- 
nium products ranges from less than 
1% U-235 to more than 90% 

The products are derived from UF, 
liquefied gas . . . hydrolyzed, precipi- 
tated as ammonium diuranate and 
dried to produce U,0O,. 

To withstand attack by the highly 

corrosive UF,, Monel* nickel-cop- 

per alloy lines carry gas from con- 
tainer to hydrolysis. 


In further processing, batches of 
U,O, are fired in cracked ammonia 
atmospheres at 1500° to make UO,, 
suitable for use in pellet fuels. (A 


sintered material for use in matrix- 
type fuel elements is also made.) 


Inconel* nickel-chromium alloy 
trays and fixtures successfully en- 
dure the severe heat and corrosive 
atmospheres in the furnace. 


Both Inco Nickel Alloys are exten- 
sively used for other corrosion- and 
heat-resisting equipment producing 
and concentrating uranium and ura- 
nium fuel materials. The Develop- 
ment and Research Division of Inco 
has helped solve many metal prob- 
lems in this design area. They can 
probably help with yours... if you 
say the word. *Registered trademark 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street dike, New York 5, N.Y. 


Inconel alloy reduces oxidation damage 
to batch trays and fixtures in 1500°F 
converting furnaces 


_INCO NICKEL ALLOYS 
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NUCLEAR ENGINEERING 


APPLIED RADIATION 
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Wanted: Nuclear Clipper Ships—Now 


ou are replacing obsolete ships with obsolete ships,” the 
Yauae ship operator, a hardboiled businessman, told 
the U. 8S. Maritime Administrator in the latter’s Washing- 
ton office last year. 

And that, indeed, is what the Government’s Merchant 
Ship Replacement Program would appear to be doing. 
For the current fiscal year, for each of the previous two 
years, and probably for next year, the Federal ship con- 
struction subsidy has amounted to about $130-million, yr, 
a sum paying up to 50% of the cost for 14 ships a year. 
Another $130-million/yr goes for operating differential 
subsidy. Yet these new ships, subsidized though they are, 
will not be able to meet the competitive challenge of 
foreign merchant fleets on all trade routes. 


UCLEAR energy development has already reached the 
N stage today where, even without a single nuclear mer- 
chant ship yet in operation, calculations show that a 
nuclear tanker, because of a 5 to 20% greater carrying 
capacity, is already on the thin edge of being competitive 
with conventional tankers. In addition, like central 
station power plants, it stands to benefit from improved 
second and later cores. And, although a nuclear ship is 
not intrinsically faster, the infinitely greater concentration 
of its power source permits it to operate at top speed all the 
time, which no oil-burning tanker can afford to do under 
commercial conditions. 

Then, too, the best application for nuclear ships would 
be in trades where the U. 8. flag has been almost entirely 
driven from the sea because it cannot meet foreign labor 
costs. Industry people who have had the most to do 
with designing reactors for immediate maritime applica- 
tion now feel that this use may actually become eco- 
nomic earlier than central-station nuclear power. 

But instead of exploiting the vast potential of this 
new kind of fleet, we are drifting. N.S. Savannah, the 
country’s first nuclear merchant ship, is now rising on the 
stocks at Camden, N. J., to be launched in July or August 
and ready for sea a year later. Her mission is to provide 
operating experience and win acceptance for nuclear ships 
in the world’s ports. But there is no authorization nor 
firm plan to start a near-competitive second ship. Plans 
to install a reactor in a tanker were blocked by the Admin- 
istration for budgetary reasons last year and again this 
year. (A nuclear icebreaker, also voted by Congress last 


year for its polar-strategy value, was also vetoed.) A 
development program on an advanced gas-cooled maritime 
reactor was begun last year, but that will take six more 
years—to completion only of a land-based prototype. 

The research and development data worked up for 
Savannah and in numerous studies on boiling water, 
organic-moderated and gas-cooled reactors for maritime 
use has—properly—been unclassified. But the British, 
the Germans, the Japanese and others are making more use 
of it than we ourselves. It is ironical that in an industry 
the U.S. has traditionally protected, we are giving away 
the one chance that industry has to minimize the handicaps 
that make protection necessary. 


HE golden opportunity to put the U.S. in the forefront 
Tot the world’s maritime nations—as it once was in the 
heyday of the clipper ship—in spite of the tremendous 
handicap of higher U. 8. costs, is still going begging. The 
bold plan for a Nuclear Ship Cooperative Program (NU, 
June ’58, 20) along the lines of AEC’s Power Demonstra- 
tion Reactor Program seems to have been abandoned, 
for this year at least, by a budget-minded Administration; 
Secretary of Commerce Lewis Strauss curtly brushed off 
Congress’ call for an orderly, long-range program to 
develop an economic merchant marine. And the second 
ship is nowhere on the horizon. Even if action were taken 
this year, a second reactor-driven vessel could not be made 
ready for sea before 1964—a decade after President Eisen- 
hower first captured imaginations with his call for a 
nuclear merchant ship. 

In the face of Administration apathy, the strongest sup- 
port for a nuclear fleet comes from Congress—from Chair- 
man Anderson of the Joint Committee on Atomic Energy 
and Bonner of the House Merchant Marine Committee, 
and from Senate Majority Leader Lyndon Johnson whose 
12-point legislative program singled out nuclear ship 
development as the most urgent task in the atomic field. 

Several responsible ship operators have indicated their 
willingness to invest in nuclear ship development now, 
under a cooperative program with the Government. 

The Administration has refused to act on either the pro- 
gram or the second ship. It is clearly up to the Congress 
to launch a U. 8. nuclear merchant fleet. The Congress 
should authorize both the cooperative program and the 
tanker—this year. —JEK 





Reactor-Containment Engineering 
—Our Experience to Date 


Thus far eleven U. S. power-reactor containment shells have reached 


construction. 


This experience has helped both to mold design practices 


and to underline needs for energy-release data and greater standardization 


By R. N. BERGSTROM and W. A. CHITTENDEN 


Sargent & Lundy, Chicago, Illinois 


U. S. EXPERIENCE in designing and 
building reactor containment shells 
is now sufficiently extensive (see table, 
p. 88) to make efforts at defining some 
of the basic principles profitable. For 
any reactor, work on the containment 
shell follows the same sequence: esti- 
mation of the maximum energy release, 
selection of vessel size and shape, de- 
tailed design of the vessel structure, 
and erection Although 
each reactor presents unique problems 


and testing. 
in these various phases, resulting in a 
unique containment design, the over- 
all characteristics of vessel designs (see 
table, p. 88) have turned out fairly 
similar. Part of the reason for this 
uniformity is that vessel designers have 
usually tried to conform to the ASME 
Code for Unfired Pressure Vessels. 
Present activities aimed at a more 
basic understanding of energy-release 
processes and more realistic vessel- 
code standards are expected to result 
in lower 


reactor-containment costs 


without sacrificing public safety. 
Energy Release 


The first step in designing a reactor 
containment vessel is to estimate the 
total energy release for the “worst 
credible accident.’’ The potential 
sources of energy include nuclear re- 
leases, chemical reactions between the 
materials present and the _ stored 
thermal energy of the materials within 
the reactor and primary system. 

Release of the stored thermal energy 
in the coolant or 


86 


moderator is the 


would 
require only a rupture in the reactor 
vessel or piping system, allowing the 
coolant to The thermody- 
namic properties of the coolant may 
cause it to flash to vapor, giving up 
part of its energy to the air and produc- 
ing a rapid increase in pressure inside 
of the containment shell. This is a 
very direct action and it is logical to 
predict that a sizable percentage of 


easiest to visualize since this 


escape. 


stored thermal energy can be trans- 
formed into pressure working against 
the containment shell. The time re- 
quired for the mechanisms of escape, 
vaporization and expansion to occur 
and the absorption of heat by cold 
surfaces (such as concrete walls and 
floors) will help to limit the peak 
pressure. Nevertheless, ther- 
mal energy can be the most important 
energy “the 
worst some 


stored 


release 
credible 


anticipated in 
accident” in 
reactor systems. 

Hence for water-cooled or -moder- 
ated systems it is usual to begin by 
computing the pressure increase from 
the theoretical instantaneous release 
of the energy stored in the coolant or 
moderator, assuming no reduction for 
heat transfer to other surfaces. The 
effects of combining this energy release 
with various combinations of potential 
nuclear or chemical reactions are then 
studied. Generally the pressure due 
to stored thermal energy with no re- 
duction for heat transfer is felt to be 
quite conservative and the possibility 
of a combination of the full theoretical 


energy releases from several sources too 
remote to be considered at normal 
design stresses. 

For one thing, the conditions re- 
quired to sustain nuclear or chemical 
releases are exacting enough so that 
the from 
these sources will most likely always 
be far below theoretical. For example, 
it is generally assumed that if a nuclear 
release occurs it will breach the reactor 


realizable energy releases 


vessel and surrounding structure but 
that the shell 


experience any shock wave. 


will not 
Also, al- 


evidence 


containment 
though little experimental 
exists, the time lags for the various 
types of energy to become available 
are unlikely to coincide (although little 
experimental evidence exists on this 
point). 

Following this line of reasoning, the 
design of a containment vessel may be 
assumed conservative if it considers 
all of the energy from an instantaneous 
expansion of the high-pressure, high- 
temperature coolant to be released into 
the containment volume as a constant 
internal-energy mixing process in a 
closed thermodynamic system. The 
first law of thermodynamics and the 
Gibbs-Dalton law for gas mixtures are 
assumed to apply. Assuming that the 
contained air in the vessel is dry, the 
following equations must be satisfied: 

460 + T2 
* 460 + 7; 
where P = final absolute mixture pres- 
sure (psia) 
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P=P,+P (1) 





saturated steam pressure 
at 72 (psia) 

= initial air pressure (psia) 

= initial air temperature (° F) 

= equilibrium mixture tem- 
perature (° F) 


| 
Was (vs + Vet + 2.1) +W, (v. 
29) 


Vwi? 
+ Ys 4 2.) 
<9) 


Lk s 


+ tWrwi ane 
29) 


(ve + 


+ Z) (2) 


= weight of air (Ib) 
weight of water (lb) 
velocity of air (fps) 
velocity of water (fps) 

= internal energy of air 
(Btu/Ib) 
internal energy of water 
(Btu/Ib) 
internal energy of steam 
(Btu/Ib) 
gravitational 
(32.2 ft/sec?) 
heat equivalent to work 
(778 ft lb/Btu) 
potential energy due to 
position 
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Equipment arrangement favored cylindrical container (a) over 


equivalent-volume sphere (b) for EBWR 


FIG. 1. 


Containment-volume requirements for water reactors. 


Volume per unit weight of coolant water is plotted against final 
containment-volume pressure for various reactor-system design 


pressures. 


Curve at upper right relates final pressure and tem- 


perature of saturated steam-air mixture for 100° F initial air 


x = steam quality (%) 
Subscript 1 = initial condition 
Subscript 2 = final condition 

In most practical instances, the 
potential-energy term Z and the kinetic 


re 


energy terms = - may be neglected. 
<9) 
Thus Equation 2 reduces to 
Waar + Wain = WV a2 
+ (1 — 2)WaiUn + Wiles (3) 


When water is present either as coolant 
or as moderator, these equations can 
be solved by trial and error for the 
relationship between (a) the free con- 
tainment-vessel volume required for 
each pound of hot water and steam in 
the reactor system and (b) the equilib- 
rium containment-vessel pressure. 
This relationship is shown in Fig. 1 for 
several curves corresponding to differ- 
ent system pressures in a boiling-water 
reactor. For a pressurized-water re- 
actor the curves used should correspond 
to the average saturation temperature 
in the system. The abscissa indicates 
the pressure in the containment vessel 
after equilibrium flashing to the volume 
shown on the ordinate with no heat 
lost from the thermodynamic system. 
Note how rapidly the volume must in- 
crease as the pressure is reduced. 
Representative of the chemical- 
energy sources that may contribute sig- 
nificantly to containment-vessel load- 
ing is the exothermic reaction between 
zirconium and water. While the exact 
conditions for starting such a reaction 
are uncertain, the containment designs 


for several large-scale plants have in- 
cluded some portion of the theoretical 
energy this 
Usually the formation of crystalline 
ZrO. is assumed the 
equation 


Zr + 2H,0 — ZrO, + 2H, 
+ 2,970 Btu/lb Zr 


available from source, 


according to 


If the reaction product is actually 
fused ZrO», the heat of reaction would 
be only 840 Btu/Ilb of Zr. 

As shown in the above equation, free 
hydrogen is one of the reaction 
products. In the presence of elevated 
temperatures and possibly electrical 
discharges, the H: may build up to a 
combustible or explosive concentration 
and add its chemical energy to the 
container volume. Other possible 
chemical-energy releases, depending 
upon system conditions, are 


U + 2H.0 = UC de + 2H; 
U + 3H.0 — UO; + 3H, 
3U + 8H.O — U,08 + 8H, 


The maximum nuclear-energy release 
would correspond to fission of the 
fissionable nuclei present plus the 
fission-product decay heat. To evalu- 
ate the probable nuclear-energy release 
one follows the nuclear transient re- 
sulting from an assumed reactivity 
change. Such excursions may be lim- 
ited or stopped by expansion of the 
fuel, expansion of the moderator or 
Doppler effects. In any case, energy 
releases of sufficient magnitude to 
breach the primary reactor system 
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Survey of Reactor Containment Vessels 





Reactor 
Name: 
Type: 
Location: 


Owner: 


Prime contractor: 
Thermal output: 
Fuel: 

Cladding: 


Operating temperature: 


Operating pressure: 
Containment-vessel 

Gross volume: 

Design pressure: 

Test pressure: 

Plate material: 

Plate thickness: 


Specified leakage: 
Year built: 
Built by: 


Reactor 
Name: 
Type: 
Location: 


Owner: 

Prime contractor: 
Thermal output: 
Fuel: 

Cladding: 


Operating temperature: 


Operating pressure: 
Containment-vessel 

Gross volume: 

Design pressure: 

Test pressure: 

Plate material: 

Plate thickness: 

Specified leakage: 

Year built: 

Built by: 


EBWR 
boiling-water 
Lemont, Ill 


AEC 


ANI 

20 Mw 
U-Zr 
Zircaloy-2 
488° I 


600 psig 


497.500 ft 
15 psig 
18.75 psig 
4201 (A300 


0.375, 0.625 in 


Indian Point 
pressurized-wa 


Indian Point 


Consolidated | 
B&W /Vitrot 
585 Mw 
UO2ThO 
Zircaloy-2 
510° F 

1,500 psig 


2,140,000 ft 
25 psig 
31.25 psig 
4201 (A300 
0.89, 1.03 in 
0.1 

under constr 
CB&l 


EBR-2 
fast-breeder 


NRTS, Idaho 
AEC 


ANL 

62.5 Mw 

U metal 
stainless 
900° F 
~100 psig 


~595,000 ft 
24 psig 

30 psig 

A201 

0.5, lin 


0.2 
1958 


Graver 


Yankee 
ter pressurized-water 
N. Y Rowe, Mass 


lison Yankee 
Westinghouse 
392 Mw 
UO: 
stainless 
550° F 
2,000 psia 


1,020,000 ft 
34.5 psig 

43 psig 

A201 (A300) 
0.875, 1.25 in 
0.1 %§ 

under constr 
CB&l 


SIR-A 
sodium-cooled 


West Milton 


AEC 


KAPL 
n.a. 

U metal 
stainless 
n.a. 


n.a 


6,000,000 ft 
20 psig 

25 psig 
A201 (A300 
0.9, 1.1 in 
0.5 
1953 
CB&I 


NASATR 
tank 


Sandusky, Ohio 


NASA 
NASA 

60 Mw 
U-Al 
aluminum 
187° F 
135 psig 
520,500 ft 
5 psig 


A285-54T 
0.750 in. 
0.3 % 
1958 


Hammond Iron 


Works 


VBWR 
boiling-water 
Pleasanton, Calif. 


APPR-1 
pressurized-water 
Ft. Belvoir, Va. 


USA GE 


Alco GE 

10 Mw 30 Mw 
UO:z UO: 
stainless stainless 
450° ¥ 545° F 
1,200 psia 1,000 psig 
~160,000 ft* 
45 psig 


52,700 ft 
66.3 psig 
75 psig 56 psig 
SA212 SA212 
0.875 in 0.436, 0.875 in. 

0.76 1.0° 

1956 1956 

Bethlehem Steel Consolidated Western 

Steel 


PRTR AFNETR 
tank tank 
Richland, Wash Dayton, Ohio 


AEC USAI 
HAPO Maxon /ACF 
70 Mw 10 Mw 
Pu-Al, UO U-Al 
Zircaloy-2 aluminum 
530° I 137° I 


504,500 ft 739,000 ft? 
15 psig 12.8 psig 
18.75 psig 16 psig 

4201 (A300) A201 (A300) 
0.375, 0.625 in 0.563, 1 in. 
0.2 0.1 

under constr 1958 


J. P. Hopkins CB&l 





Explanatory Notes 


Plate material—ASTM designations; designation 
in parentheses is heat treatment 

Plate thickness—of two numbers, first is thickness 
of heads, second is thickness of wall; where only 
one number is given, it is for wall 

Specified leakage—leakage in percent contained 
atmosphere in 24 hr at design pressure (except 
as noted). 

n.a.—not available 

ACF—ACF Industries, Ine 

AEG—Allgemeine Elektrizit 


Aiits-Gesellschaft 


AFNETR—Air Force Nuclear Engineering Test 
Reactor 

Aleo—Alco Products, Inc 

ANI Argonne National Laboratory 
by Univ. of Chicago for AEC) 

APPR-1—Army Package Power Reactor 

BR-3—Belgian Reactor 

B&W—The Babcock & Wilcox Co 

CB&I—Chicago Bridge & Iron Co 

CEN—Centre d'Etudes Nucléaires 

Cockerill—Société Anonyme Cockerill-Ougrée 

EBR-2—Experimental Breeder Reactor 

EBWR—Experimental Boiling Water Reactor 


operated 


EDI Electricité de France 

GE—General Electric Co 

Graver—Graver Tank & Mfg Co., Inc 

HAPO—Hanford Atomic Products Operation 
(operated by General Electric Co. for AEC) 

KAPL—Knolls Atomic Power Laboratory (oper 
ated by General Electric Co. for AEC) 

Maxon— Maxon Construction Co 

Motherwell—Motherwell Bridge & Engineering 
Co., Ltd 

NASATR—National Aeronautics and Space 
Administration Test Reactor 

NRTS—National Reactor Testing Station 
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in the U. S. and Abroad 





Dresden 
boiling-water 
Morris, Ill. 


Shippingport 
pressurized-water 
Shippingport, Pa. 


AEC Commonwealth 
Edison 

Westinghouse GE 

231 Mw 626 Mw 

UO UO: 

Zircaloy-2 Zircaloy-2 

538.8° F 547° F 

2,000 psia 1,000 psig 


3,600,000 ft* 
29.5 psig 


600,000 ft 
52.8 psig 
psig 37 psig 
A201 (A300 A201 (A300) 
0.75 in.* 1.25, 1.4 in. 
0.66, 1.25 in. 
0.16 0.5 % 
1956 1958 
Pittsburgh- CB&I 
Des Moines Steel 


Kahl 
boiling-water 
cotland Kahl am Main, 

Germany 

RWE 

AEG 

62 Mw 

UO: 

Zircaloy-2 

~530° F 

650 psig 


l 215,000 ft® 


0.827 in. 


1959 
AEG 


Elk River 
boiling-water 


Elk River, Minn. 


AEC 


ACF 

73 Mw 
UO2-ThO: 
stainless 
540° F 
900 psig 


405,200 ft 
21 psig 
26.25 psig 
A201 (A300) 
0.70, 0.50 in 


0.1% 
under constr. 


CB&I 


EDF-1 
gas-cooled 
Chinon, France 


EDF 
EDF 
300 Mw 
U metal 
Me alloy 
673° F 


355.5 psi 
~3,086,100 ft 
24.2 psi 
0.787, 1.142 in 


under constr. 


Compagnie Francaise 


d' Enterprises 


Enrico Fermi 

fast-breeder 

Lagoona Beach, 
Mich. 

PRDC 


PRDC 
300 Mw 
U-Mo 
stainless 
800° F 
92 psia 


415,800 ft* 
32 psig 

40 psig 

A201 (A300) 
1.03, 1.25 in. 


0.11% 
1957 
CB&l 


BR-3 
pressurized-water 


Mol, Belgium 


CEN 
Westinghouse 
43 Mw 

UO: 

stainless 

515° F 

2,000 psia 


215,500 ft 

45 psig 

56.25 psig 
A201 (A300) 
0.562, 1.125 in. 
0.1% 

1959 

Cockerill 





PRDC—Power Reactor Development Co. 

PRTR—Plutonium Recycle Test Reactor 

RWE—Rheinisch-Westfalisches Elektrizitatswerk 

SIR-A—Submarine Intermediate Reactor-Mark A 

UKAEA—United Kingdom Atomic Energy au- 
thority 

USA—U. 8. Army 

USAI U. 8. Air Force 

VBWR—-Vallecitos Boiling Water Reactor 

Vitr Vitro Engineering Co. Div., Vitro Corp 
of America 

Westinghouse— Westinghouse Electric Corp. 

Yankee—Yankee Atomic Electric Co. 
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Footnotes 


* Mounted on top of reactor-containing sphere is 
18-ft-dia X 20-ft cylinder with hemispherical top 
head that covers control-rod drive mechanisms; 
plate thickness is 1.25 in. plus 0.5-in. liner 


+t Two smaller cylindrical 
plate for heads nearest sphere 

t B&W has contract 
engineering and is major supplier for reactor and 
primary-coolant system. Vitro is consultant to 
Con Ed for reactor and primary-coolant system 


§ At 15 psig 


vessels have l-in 


R&D and nuclear 


must be evaluated in establishing the 
containment-vessel design criteria. 


Vessel Size and Shape 


Once energy-release estimates have 
set the design criteria, selection of the 
vessel size and shape can proceed. 
This involves a number of different 
factors and is largely a function of the 
individual installation. 

Included among the considerations 
is the arrangement of equipment within 
the containment vessel. The operat- 
ing floor requirements at various 
elevations throughout the plant have 
an important bearing on the selection 
of the shape of the vessel. A spherical 
vessel gives a large area near the 
equator but considerably less floor 
area at the lower elevations. In con- 
trast, an upright circular cylinder 
yields a more uniform cross section for 
all floor elevations. Thus, if the 
operating-area requirements at lower 
elevations are nearly the same as those 
at the main floor, a cylindrical vessel 
For exam- 
equipment 


is preferable to a sphere. 
ple, with EBWR, the 
arrangement required a distance be- 
tween the main floor and the basement 
of 48 ft, with an additional 8 ft to 
accommodate a part of the reactor 
foundation. 
ment also dictated a basement arez 


The equipment arrange- 


nearly equal to that of the main floor. 
To meet these requirements, a cylindri- 
‘al vessel with an 80 ft i.d. was selected 
in preference to a 100-ft-i.d. spherical 
vessel which had essentially the equiva- 
lent volume (see Fig. 2). 

An analysis of the maintenance 
operations to be performed within the 
containment vessel is also necessary 
at this time to provide sufficient lay- 
down space for equipment. Too small 
a vessel could make disassembly of 
equipment very difficult. 

Another consideration is the different 
stress-relieving requirements resulting 
from the varying plate thicknesses used 
in the different vessel sizes and shapes. 
The vessel designer should try to ease 
the rather difficult erection problems 
that arise in performing field stress- 
relief operations on containment-vessel 
welds. It is most often desirable to 
keep vessel wall thicknesses small 
enough not to require stress relief for 
field welds. The present code allows 
wall thicknesses up to 14 in. of SA-201 
material without the stress-relief re- 
quirements for this type of service. 
Figure 3 indicates the allowable pres- 
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sure versus diameter for cylindrical 
and spherical that can be 
fabricated without stress relief. 


Structural Design 

Once the vessel size and shape have 
been established, the structural design 
can begin. All of the major contain- 
ment vessels that have been built in 
the United States have been designed 
in general accordance with the ASME 
Boiler and Pressure Vessel Code, 
Section VIII, Unfired Pressure Vessels. 

A problem in structural design is to 
provide penetrations in the vessel for 


vessels 


personnel, materials, supplies, piping, 
and wiring without impairing the 
vessel integrity. Ifthe plant operating 
procedures allow personnel within the 
vessel while the unit is operating, the 
design must include an air-lock arrange- 
ment. The two sets of doors should 
be interlocked so that only one set can 
be open at any given time. To cover 
the possibility of an emergency arising 
when one of the air-lock doors is open, 
it is a good idea to have a second set of 
air locks for use during emergency 
conditions only. 

Generally speaking, the air-lock de- 
signs have fallen into two categories: 











FIG. 4. Typical plate pattern for containment shell. 
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those designed for a relatively low 
pressure differential which use an 
inflatable and those for high 
pressure differentials which depend on 


seal, 


a compressing force for sealing action. 
Although the size of these doors varies 
considerably, a 3-6 ft by 7-8 ft door is 
typical for personnel air locks. These 
air locks are exceedingly expensive. 
A small air lock providing ordinary 
access for the passage of a few men and 
using hand-operated door-closing mech- 
from $30,000 to 
sizeable 


anisms may cost 
$50,000. This 
addition to the containment cost and 
any alternative schemes to reduce this 
cost would be of great interest to the 
nuclear-power industry. 

Openings larger than those men- 


represents a 


tioned become quite expensive for high- 
pressure installations, although air 
locks of about 10 ft by 12 ft have been 
built for truck access in low-pressure 
installations. As complications are 
added, either in the door-operating 
mechanisms or in the size of the door 
openings, the cost could increase to 
several hundred thousand dollars. In 
several instances, a bolted and gasketed 
door has been used to move equipment 
in and out when the plant is shut down. 











ist Course 


Shaded belt is erected first 


FIG. 3. Containment vessels lying below 
the curves may be fabricated without 
stress relief (assumes SA 201 Gr. B 1.5-in. 
wall) 


For high-pressure installations, a large 
material-handling opening of this type 
is much less expensive than large air 
locks. 

Numerous variations in design may 
be used for the piping and wiring 
While ordinary piping 
penetrations do not in general present 
too serious a problem, wiring penetra- 


penetrations. 


tions are somewhat more complicated. 
Leakage may occur between the cable 
and the vessel wall, through stranded 
conductors, and through the space be- 
and its insulation. 
Some designs have used conduit- and 
pressure-type fittings for each in- 
dividual wire or cable passing through 


tween the cable 


the vessel. For a large power reactor, 
this design leads to a large number of 
individual penetrations. A more eco- 
nomical solution uses multiconductor 
cable with a special filler material and 
a special bond between the filler and 
insulation material. Solid conductors 
for cables of No. 6 size and smaller 
will prevent leakage through the con- 
Where stranded conductors 


are necessary, the 


ductor. 
strands may be 
adequately sealed at both ends of the 
cable by filling with solder. 

The Elk River design proposes to use 
two compression-type fittings in series 
for each multiconductor cable. 

In this instance, the cable penetra- 
tions will be located in a double-walled 
section of the containment vessel to 
permit testing of the chamber for seal 
leaks at any time after erection under 
either pressure or vacuum. 

In an alternative arrangement, a ca- 
ble pass-through design has used a “U”’ 
section of a cable pan welded to the 
vessel wall and filled with a compound 
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that hardens to form a seal between 
the cable insulation and the walls of 
the well. Spare gastight individual 
conduit sleeves allow replacement or 
addition of cables after the installation 
is completed. With containment ves- 
sels designed for relatively low pres- 
sures, liquid seals may be used to 
advantage; these allow the greatest 
flexibility in design and in cable re- 
placement or addition. 

In several instances, the contain- 
ment design has called for a large water 
supply that could be introduced into 
the containment vessel as an emergency 
measure to absorb an energy release. 
The mechanism should be independent 
of an external power source. An 
economical solution is to incorporate 
an overhead storage tank at the top 
of the containment vessel. Thus the 
containment vessel itself serves as the 
support for the tank and helps give 
the water supply sufficient head to 
overcome the pressure expected within 
the vessel following an accident. (For 
example, with a vessel designed for 
25 psig, an external water tank should 
be about 60 ft above the top of the 
containment vessel.) 

In choosing proper steels for the 
design, every effort should be made to 
steels that are particularly 
susceptible to brittle failure. Most of 
the containment vessels designed to 
date have utilized SA-201 Grade B 
steels conforming to ASTM Specifica- 
tion A-300; the latter specifies heat 
treatment to normalize the grain 
structure and Charpy tests to deter- 
mine resistance to impact loadings at 
low temperatures. A _ recent inter- 
pretation of the ASME Unfired Pres- 
sure Vessel Code has made the SA-300 
specification mandatory for contain- 
ment vessels bearing the code stamp. 

The importance of protecting against 
embrittlement cannot be overem- 
phasized. Since the Charpy tests 
commonly used to measure resistance 
to embrittlement depend upon the use 
of impact loading, it is easy to fall into 
the erroneous assumption that brittle 
failures occur only under a_ shock 
loading. However, most pressure-ves- 
sel brittle failures occur under static 
loadings rather than under impact 
loadings. The susceptibility to brittle 
failure is increased by surface discon- 
tinuities, points of restraint (such as 
the bottom of a vessel resisting the 
expansion or contraction of the sides), 
overlaps of weld metals, notch con- 
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Why Not Use Prestressed Concrete Shells? 


For conventional structures, prestressed concrete often costs less 
than steel. This may also be true for containment vessels, especially 
those that use shadow shielding or a biological-shield lining. As far 
as serviceability goes, prestressed vessels have already proved them- 
selves reliable as water tanks, petroleum storage tanks and chemical 
processing vessels. The French, who have more experience with 
prestressed structures than U, S. engineers, are using concrete pres- 
sure vessels for their gas-cooled G-1 and G-2 plants. 

One American firm, the Preload Co., New York, which has had 
experience with prestressed concrete, estimates that the use of this 
material could save up to 10-15% of present U. S. containment-shell 
costs. The typical shell would be a vertical concrete cylinder pre- 
stressed both vertically and horizontally during construction so that 
the concrete stress would be zero when the shell is loaded at the 
maximum design pressure. The top of the cylinder would be capped 
by a steel hemisphere and the bottom sealed to a concrete floor. 
Circumferential prestressing is applied by wrapping wire around the 
cylinder and stressing it to approximately 150,000 psi; this places the 
concrete under a compressive stress of about 2,000 psi. Vertical 
prestressing is applied by wires or bars embedded in small metal 
sleeves within the concrete wall and anchored to the floor slab and 
roof at either end. Jacks are used to prestress these elements prior 
to anchoring the upper extremities. 

On the debit side, the prestressed-concrete approach, because it 
involves materials in a permanent state of high compression, as- 
sumes a completely new concept of allowable stress distributions. 
Also, anchoring the head to the cylinder (which may involve forces as 
high as 18,000 lb/linear in. of circumference) may present problems. 











ditions, or other conditions tending to 
set up a concentration of stresses. 
These problems are probably more 
severe in containment vessels than in 
many other types of pressure vessels 
because of the complications added by 
the remaining structures in a nuclear 


plant. 
Erection 


The erection procedures for contain- 
ment vessels are, in general, similar 
to those for any large-scale vessel. 
Erection usually starts with the placing 
of steel columns which are then joined 
by and support the first complete belt 
of plates. Once this belt course is 
completed, erection proceeds below 
and above the belt, using it for support. 
A sketch of the erection of a contain- 
ment vessel by this procedure is shown 
in Fig. 4. Field welding follows as 
each course is erected and much of this 
can be done by automatic welding 
machines. 

Procedures for testing the adequacy 
of construction greatly affect con- 
struction operations. Ordinarily spec- 
ifications demand that joints in the 
plates shall be double-butt welds and 
shall be accessible from both sides 


during testing. The vessel is then 
completed, pressurized to some fraction 
of the design pressure, and all joints 
tested for leakage by soap bubble or 
other tests. Next, the air pressure test 
is applied as prescribed in the Unfired 
Pressure Vessel Code to bring the 
internal pressure up to 1.25 times the 
design pressure. After the structure 
proves itself at this pressure, the pres- 
sure is reduced to the design pressure 
and held at this point. Attempts are 
then made to measure the leakage, 
which should not exceed approximately 
0.1% of the contained volume per day. 

The code requirements for such con- 
tainment vessels also call for all welds 
to be radiographed. This means that 
both sides of the entire surface of the 
shell must be accessible. To provide 
an inspection space below the bottom 
of the shell, temporary supports for the 
shell are required during construction 
and inspection operations. Following 
completion of the inspection and test- 
ing, the space below the shell is usually 
filled in some manner to transmit the 
structural and equipment loads to the 
soil or foundation below. A large 
construction opening is then cut 
through the side of the shell and all 
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interior construction operations are 
handled through this opening. This 
increases the difficulty of concreting 


operations within the shell and the 
erection of equipment inside the shell, 
as all material and equipment must be 
brought through this opening and, in 
many cases, the use of cranes in the 


interior is seriously hampered. The 
added cost of these difficulties is 
difficult to estimate for either the 
engineer or the contractor, but they 
are obviously a major cause of high 
construction costs in nuclear plants. 
An indication of the close quarters for 
rigging and handling large pieces of 
equipment under these conditions is 
illustrated in Fig. 5. 

A recent ruling* of the ASME Boiler 
and Pressure Code relative to nuclear 
installation points out a way to reduce 
difficulties. The ruling says that the 
lower part of a containment vessel can 
be constructed and covered so that 
the welds will not be available for 
inspection at a later testing date pro- 
vided that all welds are double-butt 
welded, radiographed, and fully in- 
spected and tested for leaktightness 
by means such as Halide leak-tests. 


* Case No. 1228, December, 1956 


FIG. 5. Cramped working space was 
result of original rule that containment 
shell be completed before plant equip- 
ment could be brought in 
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ASME Pressure-Vessel Code Rulings for Containment Vessels 


Case No. 


1218 


1224 
part of a nuclear installation. 


1224-1 


1226 


Rulings 


Identification data may be stenciled instead of die stamped. 


Delineates provisions for ASME Code stamping of vessels built as an integral 


Defines containment vessels, primary vessels and reactor vessels. 


Containment vessels may be built without stress relief if: 


a. Plates and forgings exposed to the elements conform to specifications 
SA-300 and SA-350 respectively and meet certain requirements. 
b. Welding procedures and operators are qualified in accordance with the 


Code. 


. Shell and head plate thickness do not exceed values for which stress relief 


is required. 


Stress relief is not required for thicknesses between 1.25 in. and 1.50 in. provided 
a preheat of 200° F is used during welding for materials under group P-1 in 


table USC-23 of the Code. 


Definition of containment vessel. 


Mandatory corrosion allowances of paragraph UG-25 are not intended to ap- 


ply to containment vessels. 


Inspection of joints may be waived in a 2-stage construction program if: 

a. Joints and plates containing no penetrations are covered by concrete. 

b. All inaccessible welds are double-butt welded, radiographed, fully in- 
spected and tested for leaktightness with a gas medium such as a Halide 
leak detector prior to being covered with concrete. 

. All other Code requirements are met, including a complete pneumatic test of 


the completed vessel. 


Containment vessels need not be furnished with pressure-relief valves. 





Hence the lower portion of the shell 
could be welded, inspected, and then 
lowered into a prepared footing, or else 
the space below filled in. The con- 
struction of the internal works could 
then proceed in the open with full 
access for cranes and other equipment. 
When convenient, the upper part of 
the shell could be constructed to com- 
plete the containment vessel and then 
pressure tested using the procedures 
previously discussed. This procedure 
would mean that nuclear plants could 
be built in a manner comparable to 
modern construction practices instead 
of threading the entire plant through 
the eye of a needle. 


Vessel Standardization 


The table (p. 88) summarizes the 
containment-vessel design data for all 
the power reactors in the U. S. plus 
representative examples for other re- 
actor types. In examining the various 
arrangements one should bear in mind 


that they were developed without a 
specific set of ground rules to guide 
the designers. Even so there are 
many striking similarities between the 
The detailed 
designs have generally followed the 
ASME Code for Unfired Pressure 
Vessels and special rulings (see box) 
the Code Committee since 


various installations. 


issued by 
containment vessels began to be built. 
by the 
American Standards Association, spon- 
sored jointly by the American Nuclear 
Society and the American Society of 
Mechanical establish 
safety standards for reactors, but this 
take a long time to 
develop. Installations that have been 
completed will certainly influence the 
future standards, since they actually 


A movement is underway 


Engineers, to 


may possibly 


represent a fair cross section of the 
opinions of people now engaged in 
nuclear-plant design. 

Since containment structures appear 
to be a factor in design for some years 
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to come, the standardization of design 
criteria for these structures deserves 
considerable thought. The assump- 
tions used to establish the original de- 
sign criteria vary considerably and lead 
to large differences in the complexity 
and cost of the final design. A great 
deal of confusion and expense could be 
eliminated if a proper set of ground 
rules for determining these 
could be established. Even 
though appearance of the final designs 
may differ, a uniform set of design 
criteria should be established that can 
be enforced consistently throughout the 
country, there should be no 
variation permitted except as might 
be logical in differentiating between 
populated and unpopulated areas. 
The present Section VIII of the 
ASME Boiler and Pressure Vessel 
Code, Unfired Pressure Vessels, is an 
but 
designed to cover a broad spectrum 
of vessel It is prepared pri- 
marily for the design of vessels subject 


design 
criteria 


since 


excellent extensive specification 


types. 


to constant or frequent loading and, as 
such, is based on extremely conserva- 
tive values for allowable stresses and 
far, 
tainment vessels have been designed 


other design criteria. So con- 


for an assumed static-pressure con- 


dition in much the same manner as a 
large water tank is designed for a load 
it carries constantly; little considera- 
tion has been given to the fact that 
the loading condition on the shell may 
never be wholly achieved. The neces- 
sity for designing for the “ once-in-a- 
lifetime” load on the same basis as the 
“always present”’ load should be given 
serious consideration. Allowable 
stresses for the latter loading conditions 
must naturally include factors such as 
fatigue or creep or embrittlement due 
to cold working that need not be con- 
sidered to the same extent on contain- 
ment vessels. 

As plants become larger, they are 
approaching the point where the large 
containment vessels cannot meet the 
limitations Fig. 3. This 
means that either the allowable stress 
must be increased or field stress reliev- 
ing will be a necessity. One can argue 
that the serious of a 
possible failure rule out any increase in 
allowable stress. On the other hand 
if the stresses are properly calculated, 
the safety factor of 4 presently used 
seems extremely high for this load, 
which might never be encountered; a 
factor of safety of 3.5 or 3 might be 


shown in 


consequences 


just as logical and would save steel. 





suitable rock stratum. 


Why Not Put Reactors Underground? 


An intriguing alternative to building huge reactor containment 
shells is to contain the reactor underground in an excavation in a 
Besides eliminating the costly above-ground 


One point, however, that tends to 
work against the argument for in- 
creasing Section VIII allowable stresses 
is that the code is based primarily on 
vessels in which the openings through 
the shell are quite small. As yet, no 
extension of code has been made to 
cover openings of the sizes encountered 
in nuclear-containment vessels. Hence 
a real danger exists in blindly applying 
the code formulae to containment 
vessels with large openings, and the 
use of the conservative allowable 
stresses is not in itself foolproof. 

Another reason for keeping factors 
of safety relatively high is that design 
formulae given in the code do not take 
into account the higher localized 
stresses at discontinuities in the sur- 
face. An example is the stress-con- 
centration zone at the junction of a 
cylinder and its head where the stress 
may be higher than the stress in the 
main portion of the cylinder. Thus, 
the use of the code-design stresses 
actually puts extra steel at points of 
almost pure membrane stresses to 
keep the vital areas of stress concen- 
trations from being over stressed. 

In addition to the questions about 
the structural design of these vessels, 
serious thought should also be given 
to the criteria on which the design is 
based. 
work is being done to reach a more 
thorough understanding of the mecha- 
nisms by which the various potential 
energies present can be released to load 
the containment Notable 
among these are continuing studies of 


In most instances, additional 


vessel. 


shell, underground containment would require little maintenance 
what chemical- and nuclear-energy 
releases are possible and plausible. 
An area of concern that could have 
marked influence on containment- 
structure cost is the heat loss to cold 
surfaces within the containment struc- 
ture. In cases this heat-sink 
effect is recognized as being present 
and is thought of as an additional 
safety factor in the design concept. 
The magnitude of this unevaluated 
safety factor may vary between 1.3 
and 2, depending upon the thermal 
diffusivity and heat capacity of the 
materials exposed to the incident. 


work and would, of course, be insensitive to weather phenomena. 

An AEC study report,* however, concludes that for present-day 
reactor sizes the cost of rock excavation makes underground con- 
tainment more costly than the current methods. The study con- 
siders a hypothetical excavation in rock for EBWR lined with 1-2 ft 
The total cost of the under- 
ground scheme would be $940,000 compared with an actual EBWR 
containment cost of $665,000. 
7% of the total plant cost. 


of concrete plus a light gage metal. 
many 
The difference amounts to about : 
Besides its economic problems under- 
ground installation has these disadvantages: 
® Difficulty of determining the exact conditions of the rock struc- 
ture in advance. 
® A slight possibility of contaminating ground water in event of an 
incident. 
* Limited flexibility for access and expansion. 

Since excavation costs decrease with size, underground contain- 


ment may eventually prove economic for fairly large nuclear plants. 
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Some argue that even before this happens the cost penalty incurred 
by underground containment could well be subsidized by the 
government to help provide a network of underground power sources 
safe from enemy attack. 


* Christian Beck, Engineering study on underground construction of nuclear 
power reactors, AECU-3779 (April 1958 














NUCLEONICS Previews Cleveland— 


1959 Nuclear Congress and 


Highlights of 1959 Nuclear Congress 


When Where P How much 


AtomF air Mon., Apr. 6—Fri., Apr. 10 | Public Auditorium > 140 exhibitors (see next page) $2.00* 
5th Nuclear Engineering 
& Science Conference Mon., Apr. 6—Thu., Apr. 9 ” x 24 technical sessions (see below) $15.00 
7th Hot Laboratories 
& Equipment Conference | Tue., Apr. 7 
AIChE luncheon Tue., Apr. 7 
HL&EC social hour Tue., Apr. 7 
7th Atomic Energy Manage- 
ment Conference Wed., Apr. 8—Fri., Apr. 10 | Public Auditorium 9 panels sessions (see below) $7-$35t 
ASME-AIEE luncheon Wed., Apr. 8 (12:00 noon) | Manger Hotel to be announced $3.25 
ASEE luncheon Wed., Apr. 8 (12:00 noon) | Hotel Auditorium John H. Roberson, $3.75 
Associated Midwest Universities, Inc. 
AEMC luncheon Wed., Apr. 8 (12:00 noon) | Hotel Statler-Hilton - $6.00 
All-Congress social hour Wed., Apr. 8 (6:00 pm) Hotel Sheraton-Cleveland - dutch 
All-Congress banquet Wed., Apr. 8 (7:00 pm) ms ae ™ Herbert F. York, Dept. of Defense $12.00 
ANS luncheon Thu., Apr. 9 (12:00 noon) " vi ne Miles Leverett, General Electric Co. $3.75 
AEMC luncheon Fri., Apr. 10 (12:00 noon) Hotel Statler-Hilton to be announced $6.00 


Thu., Apr. 9 “2 - 8 technical sessions (see below) 20.00T 
(12:00 noon) Hotel Sheraton-Cleveland | Arthur Compton, Washington University| $4.25 
(5:00 pm) Hotel Statler Hilton — dutch 














* Registration fee for any of the three conferences includes admission fee to AtomFair. t+ Includes copy of conference proceedings. 
t Each panel session will be $7; special full-conference price of $49 includes any five sessions, both luncheons and All-Conference banquet. 


Conference Programs 


Nuciear Engineering & Science Hot Laboratories & Equipment Atomic Energy Management 


Session Subject Time Session Subject Time Session Subject Time 


Waste Disposal 9:30 am 
Nuclear Research, 9:30 am 
Test and 

Training Facilities 
Simulation and Ex- 9:30 am 
perimental Instrumentation 
Water Supply 2:15 pm 
Nuclear 2:15 pm 
Instruments 

Reactor-Com- 2:15 pm 
ponent Design 





Tuesday Health Physics 9:00 am Hot Laboratories 10:00 am 
Heat Transfer 9:00 am and Facilities—I 
Reactor 9:00 am Hot Laboratories 2:00 pm 
Instrumentation and Facilities—II 
Chemistry and 2:15 pm 
Chemical Processing 
Power-Reactor 2:15 pm 
Design 
Instrumentation 2:15 pm 





Wednesday Nuclear Fuel Proc- 9:00 am General Manipula- 8:45 am | « Euratom—Sales 9:30 am 
essing Plants tive Equipment Opportunities and Obstacles 
Radiotracersin the 9:00 am 4 Cell Fixtures and 10:40 am Where is the Profit 9:30 am 
Process Industries Specialized in Radioisotope Utilization? 
Reactor Physics 9:00 am Manipulators A Report on the 2:30 pm 
Fuel Technology 2:15 pm : Problemsin Simul- 2:00 pm AEC Large-Scale-Reactor 
Isotope 2:15 pm taneous Handling Study Program 
Application of Alpha- and S Potential Applica- 2:30 pm 
European Power 2:15 pm Gamma-Emitting tions of Nuclear Weapons 
Reactors Materials for Peaceful Uses 





Thursday Fusion Processes 9:00 am / Gamma Irradiation 8:45 am } Latest Prospectsfor 9:30 am 

Metallurgy and 9:00 am Facilities a More Economic Fuel Cycle 
Materials—I j Operations and 10:45 am Health and Safety 9:30 am 
European Power 9:00 am Techniques The U. 8. Power- 2:30 pm 
Reactors (French) Operational 2:00 pm Reactor Program—lIs Revision 
Metallurgy and :15 pm Problems (panel Indicated? 
Materials—II discussion) , What is the Com- 2:30 pm 
Reactor Operation :15 pm mercial Future of Radiation? 
and Maintenance 
European Power 2:15 pm K International Devel- 9:3’ am 
Reactors (Russian) opments in Atomic Energy 
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CLEVELAND, site of the first Nuclear Congress, again plays 
host to the nuclear industry. Sponsored by 31 engineering, 
scientific and management organizations, it is estimated that 
the Congress will draw 4,000 to 5,000 members plus repre- Sit 1612 71 712] 811 
sentatives from industrial organizations. The AtomFair, an 610 709} {710/809 
integral part of the Congress, will be the only major exhibit of }707} | 708/807 
nuclear products, materials and services held in the U. 8. dur- 
ing 1959. Running concurrently with the AtomFair are three o nase 
technical conferences. Some 250 original papers on latest a 
developments will be presented by authorities from industry, 
government and education. All of the conferences and the 
exhibit will be housed in the spacious Cleveland Public Audi- 
torium, which is located within walking distance of downtown 
hotels. Tables at the left give the highlights of the 1959 
Nuclear Congress and show the conference program at a i> 
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glance. Below are listed all AtomFair exhibitors available 
as NUCLEONICS went to press. Numbers in parenthesis are 
Public Auditorium booths. = 
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ACF Industries, Inc., Nuclear Products-Erco Div. 


133 
Aeroquip Corp., Marman Div. (708) 
Alco Products, Inc. Control-1od-drive systems, fuel-element-han- 129 224 
123 
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dling equipment, heat exchangers, pressure vessels, reactors, 
valves. (810, 812, 814) 
Allis-Chalmers Mfg. Co. Betatrons, control rods, ion-exchange 
equipment, pumps, reactors, steam turbines, thermonuclear 
equipment. (308) 
AMF Atomics Canada, Ltd. Fuel elements. (420) 
AmericanLava Corp. Fuel elements and ceramic materials. (605) 
American Machine & Foundry Co., AMF Atomics Div. Control 
rods and drive systems, fuel elements and handling equipment, 
manipulators, reactors, thickness gages. (120) 
Assembly Products, Inc. Counting-rate and period meters, radio- 
activity monitors. (609, 611) 
Atom Industry. (523) 
L'Association Technique de l'Energie Nucleaire. (822, 823, 825) 
Atomic Energy of Canada, Ltd. Irradiators, isotopes, radio- 
graphic equipment, shielding, shielded containers. (430, 438) tl 


05 
Atomic Industrial Forum, Inc. (504) — 
Atomics International Div., North American Aviation, Inc. Reac- tL. 701 _[zofpoopoefsol 
tors. (212, 313) 
Automatic Switch Co. Process instrumentation. (328) 
Autonetics. (329) 
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The Babcock & Wilcox Co. Fuel elements, heat exchangers, 

pressure vessels, reactors. (515, 517, 519) 
Baird-Atomic, Inc. Nuclear instrumentation. (107) 
Bendix Aviation Corp. Nuclear instrumentation. (405, 409) 
The Beryllium Corp. (205) 
Blaw-Knox Co. Entrainment separators, steam and air traps, 

pressure vessels, reactors, waste-disposal systems. (200, 201) 
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S. Blickman, Inc. Fume hoods, glove boxes. (332) 
Byron-Jackson Div., Borg-Warner Corp. Pumps, remote han- 

dling equipment. (123) 
The Brush Beryllium Co. (623, 625) 
The Bureau of National Affairs, Inc. (704) oak - 
Burroughs Corp., ElectroData Div. (820) vo and 


Canadian Curtiss-Wright, Ltd. (430) 
Canadian General Electric, Ltd. Fuel elements, reactors. (426) 
Canadian Patents and Development Corp. (430) 910}1011 
Canadian Vickers, Ltd. (430) and 9081009 
Canadian Westinghouse Co., Ltd. Reactors. (420) 306007. 
Catalytic Construction of Canada, Ltd. (420) ee 
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AtomFair Directory . . . continued 


Central Research Laboratories, Inc. Manipulators and other 


remote handling equipment. (304) 
Charleston Rubber Co. Glove boxes and radiation-shielded 
gloves. (711) 
Clevite Corp. (516) 
Cleveland Hard Facing, Inc. (816) 
Combustion Engineering, Inc. Fuel elements, heat exchangers, 
pressure vessels, reactors (204) 


Commissariat a l'Energie Atomique. (822, 823, 825) 
Computing Devices of Conada, Ltd. (430) 
Conference Book Service. (916) 
Consultants Bureau, Inc. Books, journals, translations. (720) 
Cooper Metallurgical Associates. Boron, borides, ferrochrome 

and chromium. (518) 
Cooper-Trent Blueprint & Microfilm Corp. (505) 
Corning Glass Works. (233) 
Crane Co. Valves. (608, 610, 612) 
Crawford Fitting Co. (333) 
Curtiss-Wright Corp. Fuel elements, reactors (429) 


Davison Chemical Co. Div., W. R. Grace & Co. Thorium and 
uranium metal, alloys and compounds. (208) 


The Edlow Lead Co. Lead and lead alloys, shielded containers, 

waste-disposal systems. (118) 
Eldorado Electronics Co. Analyzers and counters (811) 
Eidorado Mining & Refining, Ltd. (420) 
Electronic Associates, Ltd. Nuclear instrumentation. (426) 
Encyclopaedia Britannica. (513) 
Englehard Industries, Inc. Fuel elements (500) 
Erskine-Healy, Inc. Dry-box gloves (702) 


Federated Metals Canada, ltd. Shielding (430) 
The Fenn Mfg Co. Fuel-element-fabricating equipment. (220) 
Ferranti-Packard Electric, Ltd. (426) 
Flanders Filters, Inc. (520) 
Florida Development Commission. (819) 
Foster Engineering Co. Flowmeters, valves (101) 
The Foxboro Co. Process instrumentation. (329) 
Charles E. Frosst & Co. Isotopes (420, 426) 


General Atomic Div., General Dynamics Corp. Fuel elements, 
reactors, thermonuclear equipment (115) 
General Electric Co. (133) 
General Mills, Inc. Manipulators (229) 
The Griscom-Russell Co. Heat exchangers, pressure vessels, 
waste-concentration systems (419) 


Hagan Chemicals & Controls, Inc. Decontaminants, ion- 
exchange equipment. (710) 
Hamner Electronics Co., Inc. Analyzers, counting-rate meters, 
radioactivity monitors, scalers, spectrometers (724) 
The Harshaw Chemical Co. Scintillators. (624) 
Harvey Aluminum, Inc. Aluminum and zirconium (507) 
High Voltage Engineering Corp. Neutron sources, particle accel- 
erators, radiographic equipment. (412) 
Hughes Aircraft Co. (124) 


Instron Engineering Corp. Testing equipment. (108) 
International Nickel Co., Inc. (615, 617, 619) 


Keithley Instruments, Inc. Electrometers, period meters, radio- 

activity monitors. (301) 
O. G. Kelley & Co. (321) 
Knapp Mills, Inc. Shielded containers, shielding (425) 


Kolimorgen Optical Corp. Viewing equipment (501) 


Ladish Co. Drop forgings and pipe fittings. (221) 
Lerma Engineering Corp. Viewing equipment (709) 
Lindsay Chemical Div., American Potash & Chemical Corp. 

Thorium and rare-earth oxides. (219) 
Lundell & Co. (720) 


M & C Nuclear, Inc. Fuel elements. (112) 
MSA Research Corp. Electromagnetic pumps, magnetic flow- 

meters. (618, 620) 
Mallinckrodt Chemical Works. Uranium metal, alloys and com- 

pounds. (128) 
Mallory-Sharon Metals Corp. Hafnium and zirconium. (325) 
The Martin Co. Control rods and drive systems, fuel elements 
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and handling equipment, isotopes, reactors. (305) 
Massachusetts Department of Commerce. (202) 
Measurement Engineering, Ltd. (420) 
George T. Meillon, Inc. Dosimeters. (817) 
Merk & Co., Ltd. Isotopes. (426) 
Minneapolis-Honeywell Regulator Co. (224) 


National Beryllia Corp. Ceramics. (511) 
National Lead Co. Shielded containers, shielding. (132) 
Nuclear-Chicago Corp. Nuclear instrumentation. (421) 
Nuclear Development Corp. of America. Control-rod drive sys- 
tems, fuel elements, reactors. (225) 
Nuclear Electronics Corp. Analyzers, counters, counting-rate 
meters, radioactivity monitors, scalers, spectrometers. (701) 
Nuclear Enterprises, Ltd. Scintillators. (430) 
Nuclear Measurements Corp. Chromatographic apparatus, 
counters, radioactivity standards and monitors, scalers, spec- 
trometers. (616) 
NUCLEONICS, McGraw-Hill Publishing Co., Inc. (607) 


The Ohio Bell Telephone Co. (601) 
Ontario Research Foundation (430) 
Oregon Metallurgical Corp. Zirconium and titanium castings 

and vanadium metal. (703) 
Orenda Engines, Ltd. (420) 


Pacific Engineering Co. Pressure vessels, shielded containers, 
shielding, waste-disposal systems. (105) 
Penberthy Instrument Co. High-density glass, shielding windows. 
(408) 

Pittsburgh Plate Glass Co. Shielding windows. (524) 
Pye, Ltd. Viewing equipment (716) 


Racey MacCallum & Associates, Ltd. (420) 
Radiation Counter Laboratories, Inc. Nuclear instrumentation. 
(228) 

Radiation Instrument Development Laboratory, Inc. Analyzers, 
counters, counting-rate meters, radioactivity monitors, sam- 
ple holders and changers, scalers, spectrometers. (707) 
Reuter-Stokes Electronic Components, Inc. Nuclear instrumen- 
tation (S18 
Research Equipment Co. Shielding windows. (402) 


Saint-Gobain. 822, 823, 825) 
Sarnia Inspection Co. (426) 
Shell Oil Co. Lubricants (309) 
Sperry Gyroscope Co. of Canada, Ltd. (426) 
Swartwout Co. Process instrumentation. (512) 
Sylvania-Corning Nuclear Corp. Fuel elements. (232) 


Technical Associates. Counters, counting-rate meters, dosime- 

eters, radioactivity monitors, scalers, shielding. (218 
Technical Measurement Corp. Analyzers, counters, counting- 

rate meters, scalers, spectrometers. (319) 
Thompson Ramo Woolridge, Inc. 312, 413) 
Tracerlab, Inc. Nuclear instrumentation. (439) 
Turco Products, Inc. Decontaminants. (806) 


Union Carbide Corp. (209, 213) 
United Nations Sales Promotion Unit. (400) 
United Shoe Machinery Corp. Control-rod drive systems, fuel- 

element handling equipment. (129) 
United States Atomic Energy Commission. (910, 912, 1011, 1013) 
United States Department of Commerce. (521) 
United States Radium Corp. Isotopes, radioactivity standards, 

sources (718) 
United States Steel Corp. (138, 141) 


D. Van Nostrand Corp. Books (807) 
Vard, inc. Nuclear instrumentation. (404) 
Velan Engineering, Ltd. Valves. (420) 
Vickers, Ltd. (104) 
The Victoreen Instrument Co. Analyzers, counters, counting-rate 

meters, dosimeters, electrometers, radioactivity standards and 
(508, 510) 
Vitro Corp. of America. (433) 


monitors, scalers, spectrometers. 


Westinghouse Electric Corp. (318, 320, 324) 
Winnett Boyd, Ltd. Reactors. (420) 
Wolverine Tube Div., Calumet & Hecla, Inc. (111) 
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FIG. 2. BLOCK DIAGRAM shows how back and palm 
probes operate in parallel to drive right-hand register. 
Identical circuits count left hand 








7 


FIG. 1. 





NEW AND OLD MONITORS. Scintillation hand 


counter for alpha contamination at left replaces ionization- 


type Four-Fold 


Increased Reliability; Decreased Size— 





Transistors Shrink 
Contamination Detectors 


Transistor design produces a compact, reliable alpha hand monitor 


to replace a temperamental, expensive predecessor. 


A companion is 


a tiny instrument with both detector and adjustable pulse-height analyzer 


By W. G. SPEAR 


Hanford Atomic Products Operation, General Electric Company, Richland, Washington 


TRANSISTORS HAVE MADE POSSIBLE two 
compact and convenient laboratory in- 
struments: a compact monitor for alpha 
contamination on the hands and a port- 
able spectrum analyzer that is useful 
in identifying radioactive contamina- 
tion. The hand monitor replaces a 
bulky vacuum-tube device, Four-Fold, 
which was difficult to adjust and expen- 
sive to maintain. 

The portable spectrum analyzer has 
an adjustable single-window analyzer 


and a scintillation detector. Its reso- 


Vol. 17, No. 4 - April, 1959 


lution is adequate for our purposes 
although not as good as that of large 
a-c-powered instruments. Its ampli- 
fier is nearly linear, and a calibration 
curve, made with calibrating nuclides, 
can be used to correct whatever non- 
linearity exists. 


ALPHA HAND COUNTER 


Figure | shows our transistor alpha 
hand counter and the standard Four- 
The 


new model uses scintillation fluors on 


Fold monitor that it replaces. 


light pipes; its predecessor uses ioniza- 
The low inherent 
background and high sensitivity of the 


tion chambers. 
scintillation device give it great advan- 
tages over the Four-Fold. 

The older instruments perform satis- 
factorily for only short after 
exacting adjustments of circuits and 


times 
chamber potentials. Slight increase in 
high potential causes probe breakdown. 
Slight decrease causes abrupt reduction 
Maintenance 


of sensitivity. costs 


amount to half the original investment 
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FIG. 3. FRONT PANEL of alpha moni- 
tor. Round dials are adjustable “warn- 
ing level” indicators 


FIG. 4, SIX-STAGE AMPLIFIER has 
voltage gain of 1,000 for |-mv, 1-usec 


negative pulse input 


each year. Sensitivity limit is 500 


1,000 dpm. 


In contrast our scintillation counter 


reliably indicates uniformly distributed 


plutonium contamination at levels les 
than 200 dpm. 


strument has operated continuously for 
14 months with no maintenance or re- 
It is less than '4 as 
Its cost 
is $2,200, of which $900 is for the four 


calibration costs. 
large as the older instrument. 


phototubes. So far our maintenan 


costs are zero. 


How It Works 


Figure 2 is a block diagram of the 


instrument and Fig. 3 shows its fron 
panel. 


The experimental in- 


e 


t 


There are four probes, one for 


the back of each hand and one for each 


palm. Each consists of a fluor, a ligh 
pipe and a photomultiplier tube. 
two right-hand probes feed in paralle 
through an amplifier and a 
drive to the right-hand register. 


t 


The 


register 


A 






























































parallel set of probes, amplifier, drive 
and register operate from the same con- 
trols and power supplies to count the 
left hand. 


Scintillator System 


Each of the four probes has an RCA 
6372 phototube with a 
12-in? photocathode. Each phototube 
is used with a Lucite light pipe that has 
an 8 X 4.5-in. sensitive This 
area can be increased to 6 X 10 in. with 
results. The light pipe tapers 
from the sensitive face to match the 
Dow- 


side-window 


area. 
£or rd 


2.5-in. diameter of the cathode. 
Corning silicone fluid optically couples 

The pipe has a grooved 
back that the 


pipe and tube. 
semicircular matches 
tube directly. 

Except for the grooved area, back and 
sides of the pipe are covered with alumi- 
num foil for light reflection purposes. 

Fluors. The 8 X 4.5-in. face of the 
pipe is sprayed with a zinc-sulfide mix- 





threshold. 


for the 661-kev photopeak. 
adjust it again. 





How We Calibrate the Spectrum Analyzer 


Since our amplifier is not strictly linear, we must establish a cali- 
Window circuitry is ad- 


bration for the portable gamma analyzer. 
justed first with a calibrated pulse generator. 
are locked so that each of the window-width circuits has a constant 


For calibration we use radionuclides. 
the input potentiometer so that the base-line-dial setting is ‘“‘true”’ 
Then we lock this setting and do not 
If the control is inadvertently maladjusted in the 
field, the user can obtain a Cs!” source and readjust. 
such as Ba! and Co" are used to establish the rest of the calibration. 

For some purposes it would be better to have the base-line setting 
at the front end of the amplifier. 
generally 1-10 my in amplitude, and the 10-turn potentiometer 
caused excessive ringing at the input. 
low-impedance point and causes no trouble of this kind. 


Then the controls 


First we use Cs!” and set 


Other nuclides 


However, our input pulses are 


As it is used now, it is ata 








( All resistors 1/3 watt) (All capacitors, except noted, 50 volts de ceramics) 


ture to make a uniform coating with a 
dry thickness of ~10 mg/cm?. The 
solution is made of eight parts toluene 
to one of Amphenol Type 912 poly- 
styrene coil dope. Into this goes ~0.1 
gm of scintillation-grade silver-acti- 
vated zine sulfide for each cubic centi- 
The 


and 


the original solution. 
mixture is thoroughly shaken 
sprayed onto the Lucite surface with an 


meter ol 


artist’s air brush. 

The dried fluor is covered with one 
layer of 0.2-mg/cem? dutch-leaf alumi- 
num. This in turn is covered with one 
layer of 0.9-mg/cm? double-aluminum- 
coated Mylar. 
aluminum holder with a square-pierced 


The probe goes into an 


brass face protector that has 70% open 
area. 

Efficiency. At the center the probe 
has a geometrical efficiency of 25-30% 
for plutonium alpha particles. Edge 
efficiencies are 20-25%, which 
cates that there is almost uniform effi- 
On the average, 


indi- 


ciency over the face. 
alpha-caused pulses from edges and 
corners are about !4 as high as the cen- 
ter pulses. Even the smaller pulses 
are at least five times as high as photo- 
Thus 


discrimination — is 


signal-to- 
The 


completed probe can be used face up in 


noise pulses. 


tube 
noise easy. 
normal room light with no increase in 
background from light leakage. 

The for 
probe is about two pulses or one full 
Meanwhile a 


15-sec background each 
count on the register. 
50-dpm plutonium alpha point source 
at the probe center produces about two 
register counts. Thus 50 dpm is about 
the ultimate sensitivity. 
tivity is about 10 times that of a well- 
adjusted Four-Fold. 
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Circuits 


Transistor circuits for our system 
consist of power supplies, six-stage cas- 
cade amplifiers and driving circuits for 
the registers. Both amplifier and driv- 
ing circuits have been made on plug-in 
printed-circuit boards. Commercial 
transistor power supplies are used for 
the lower potentials, and we designed 
one supply for 1,000 volts. 

Each pair of probes drives a six-stage 
transistor amplifier shown in Fig. 4. 
It is a cascaded amplifier with stage-by- 
stage feedback. With a l-mv, l-usec 
negative pulse input, voltage gain is 
1,000. The variable input resistor per- 
mits pulse discrimination. Because of 
the large signal-to-noise ratio, adjust- 
ment is not critical. Alpha-caused in- 
put pulses range from —10 to —50 mv 
and have rise times of 0.5-2.0 usec. 
They are reduced with the input rheo- 
stat to produce 1—5-volt negative out- 
put pulses. An input rise time of 0.2 
usec produces an output rise time of 
0.8 usec in an unshunted 10,000-ohm 
load. This is shunted by a 0.0025-yf 
capacitor to make 10-ysec-wide pulses 
suitable for the register-drive circuit. 

Register drive. Figure 5 shows the 

ircuit for driving each of the registers. 
It has two GE 2N168-A transistors in a 
one-shot multivibrator circuit. The 
first transistor, TR-1, is normally con- 
ducting so that the relay coil is normally 
ictivated, and the register coil is ener- 
gized. The second transistor is nor- 
mally cut off, and B+ appears on its 
collector. 

(n incoming negative pulse of proper 
size and width cuts off TR-1 and turns 
on TR-2. Recovery time is controlled 
by 4-uf capacitor C-1 and _ the 
100,000-ohm resistor in series with it. 
The resulting 40-msec time constant is 
more than adequate to release the relay. 
After 40 msec the circuit is ready for its 
next pulse. The instrument is not de- 
signed for high counting rates; a plu- 
tonium source of 2,500 dpm will jam it. 
Jamming is indicated by bright glowing 
of the neon bulb. 

As it is presently connected, the cir- 
cuit produces half a register count for 
each input pulse. 

High-potential supply. Figure 6 is 
the circuit we designed to supply 
500 wa at 1,000 volts for our four 
phototubes. Our phototubes vary ex- 
tensively in gain. Thus it is good to 
have a high potential with an individual 
dropping rheostat for each tube. 
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Relay: Sigma 22R JCC-8000-G-SIL 
Tronsistors: GE 2NI68-A's npn 


FIG. 5. ONE-SHOT MULTIVIBRATOR supplies power to actuate Sodeco register 
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FIG. 6. SPECIAL POWER SUPPLY feeds 900—1,000 volts through adjustable dropping 
resistors to each of four phototubes 





Our supply is a half-wave selenium- [5 volts 
diode rectifier with capacitor input re oc 
and conventional filtering. It has two 
1,000-volt corona regulators in parallel. 
Regulation is not critical because of the 
favorable signal-to-noise ratio. 


Controls 





Figure 7 is the switch-and-relay 


\ 
‘\ 
diagram. When the monitor is ready 4 N.0.9,5 Ny dy + jelay 8 


to count, the ready light glows and \ 
neither relay is energized. Lifting the \ 





inserted right hand slightly cleses hand- NO.o S-2 Tener motor 
probe switch S-2 to start the timer. ] - 
This energizes the count relay and NO. “T-2 
count light. The 35-volt potential is w 
applied to the register drive circuits, 

and 125 volts d-c is applied to the FIG. 7. CONTROL CIRCUITS include 
start button, timer and reset button. 
A-2 contacts, normally open, control 35 
volts d-c to register drive. B-1 con- 
momentary-contact hand-probe switch tacts, normally open, control 125 volts 
is released. After the interval set on d-c to registers 











Sodeco drive coils. The timer’s hold- 
ing contacts keep it operating when the 
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GAMMA-SPEC- 
< 2-in. 


single 


FIG. 8. PORTABLE 
TRUM ANALYZER includes 2 
Nal(Tl) crystal! and movable 
window 


the timer—usually 15 sec—the timer 


and count 
light are Momentary- 


contact switch S-1 resets the 


releases, and count relay 
deenergized. 


registers 


and the cycle is completed 


PORTABLE KICKSORTER 


Another useful transistor instrument 


is our portable gamma _ spectrum 
It we igl S 
only 7 lb and has a continuous-opera- 
With 


present adjustment, ten turns of the 


analyzer shown in Fig. 8 


tion battery life of ~250 hr 
photon-energy dial spans an 
15 Mev. With 
adjustment the upper limit can bi 
increased to 2.0 Mev. 
stable width is 10-20 key 
which gives a system resolution with 
Cs!*7 of 13.4%. 
window width is ~40 key 


energ\ 
range of 0.1 1 sing 
The minimum 
window 
The usual operating 

Operating power is 0.36 watt. As 
Fig. 8 shows, plug-in printed circuits 
are used for simple maintenance and 
repair. We have made two prototyp« 
instruments using the sam« 
They are 


circuits 
~2¢ as large as the one of 


Fig. 8 and weigh only ~6 |b each 


Circuits 


The instrument consists of a 2 * 2- 


in. Nal(TI) 
phototube, a 


crystal, an RCA 6655 
1,000-volt d-« 


supply, a linear amplifier, a w 


powel! 
indow 
width discriminator, and a counting- 
rate circuit. 
Power supply. 
high-potential supply, a slight modifi- 


Figure 9 shows the 


cation of an earlier model (1). The 
single transistor operates as a blocking 
oscillator. Its repetition rate can be 
varied from 350 to 700 pps by changing 


the setting of the 10,000-ohm, 10-turn 


100 


double RC 


1000 volts 





T-1,T-2 





T-1A 


SE-8-LA-55H 220k 
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FIG. 9. HIGH-POTENTIAL SUPPLY uses single-transistor blocking oscillator and 


miniature selenium rectifier 


rheostat in the base circuit 
the 


Blocking-oscillator pulses are increased 


necessary, 0.6-~i capacitor. 
in magnitude by the transformers and 
miniature selenium 
filtered by a 
filter and regulated by a 


tube, is 20-25 wa at 1,000 


rectified by a 


rectifier. The output, 


orona 


8.0 volts 
Youre 6.0 ma 


2N137 


310k 
2NI68-A 











and, if 


Nominal conversion efficiency 


volts. 
and this can be increased to 
35-40 % by 


10,000-ohm 


is 30% 
proper adjustment of the 
rheostat. The supply is 
thin steel can that 
measures 1's K 2 K 234 In. 


With the exception of an 


contained in a 


Amplifier. 


additional gain control between tran- 
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FIG. 10. WINDOW DISCRIMINATOR uses two threshold circuits to establish width. 
Circuit includes impedance matcher, mixer and output amplifier 


April, 1959 - NUCLEONICS 





sistors 3 and 4, the amplifier is essen- 
tially the same as that of Fig. 4. It is 
nearly linear for negative input pulses 
of | 


gain of 


15 mv with a maximum voltage 
750. The 10-turn, 100-ohm 
gain control following transistor 3 is 
the Shunting the 
load with the capacitor shown leads 
to 2.0-usec-rise-time and 10-ysec-wide 


base-line control. 


output pulses from input pulses of 
0.2-usec rise time and l-yusee width. 
Alpha cutoff for the transistors—the 
which grounded-base 
gain drops to 3 db the 


is 7.0 megacycles. 


frequency at 
below low- 
frequency value 
This gives the amplifier a bandwidth of 
~1 megacycle. The noise level, re- 
ferred to the input, is ~50 wv, far 
10-mv signal level. 
In Fig. 10 


the window- 


below the normal 1 

Window discriminator. 
is shown the circuit of 
discriminator. It includes an 


impedance-matching circuit, the win- 


width 
dow, a passive mixer and an amplifier 
used to drive the counting-rate-meter 
circuit. 

The first two transistors are an npn- 
to-pnp matching circuit. It is essen- 
tially a two-stage amplifier with a gain 
of ~1 and very-low-impedance output 

2 There is no inversion; negative 
input pulses produce negative output 
pulses. 

Four GE pnp transistors form the 
window. Each of the two pairs forms 
a threshold circuit that responds only 
to pulses greater than a value set by 
the common emitter resistor. The 
upper pair are set to respond to pulses 
greater than 1.0 volt. Thus the 
emitter resistor of the lower pair 
becomes the window-width control. 

In operation each pair of transistors 
produces an output pulse of about 
3.0 volts for any input pulse that 
the threshold. Output from 
the upper pair is negative, and that 
from the lower pair is positive. The 
two are combined in the mixer so that 
the input to the amplifier section is 
either a positive pulse or zero. 

For stable operation the window 
width is 0.05-0.1 volt. This is equiv- 
alent to a 10-20-kev photon-energy 
range. Resolution is difficult for 
gamma energies closer than 40-50 kev. 


exceeds 


Inherent resolution depends largely on 
the regulation of the high-potential 
supply. 

Two pnp transistors in cascade form 
the amplifier that changes an 0.5-volt 
pulse from the mixer to an appropriate 
2-3-volt pulse to drive the counting- 
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FIG. 11. 








, 1.3 Volts 
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COUNTING-RATE-METER CIRCUIT has triggered one-shot multivibrator 


that responds to negative input pulses greater than 0.1 volt 


rate circuit that is shown in Fig. 11. 

Counting-rate circuit. The one-shot 
multivibrator circuit of Fig. 11 oper- 
the counting-rate meter (3). 
Biases hold TR-1 normally off and 
TR-2 normally An _ incoming 
negative pulse greater than 0.1 volt 
cuts off TR-2 to start the multivibrator 
action. The time constant of one of 
the three range-calibration capacitors 
in combination with the base resistor 
of TR-2 determines the pulse length. 
Three setting 
maximum counting rates on the three 
ranges at 1,000, 10,000 and 100,000 
The collector rheostat of TR-2 
sets the conduction point and conse- 


ates 


on. 


potentiometers allow 


cps. 


quently the sensitivity level. 


(Window width = 3.5 unrts) 
Resolution 13.4% 





Bose Line 


FIG. 12. Cs'*? RESOLUTION is 13.4% 


Results 


Figure 12 shows the 661-kev photo- 
peak of Cs!*7 as observed with this 
instrument. 13.4%, 
which is entirely adequate for our 
purposes. More and more 
costly a-c-operated equipment could 
be expected to provide resolution of 
7-9%. 

Several other 
have come out of this program. 
lar to the alpha-contamination monitor 


Resolution is 


precise 


similar instruments 


Simi- 


is a counter designed for simultaneous 
recognition of alpha, beta and gamma 
activities on filters (4). It one 
light-pipe probe for alphas and another, 
almost identical, for betas and gammas. 
Center efficiencies are 20-25% for 
alphas, 20-25% for 500-kev betas and 
0.8-1 % for 600-kev photons. 

Another instrument simultaneously 


has 


monitors alpha, beta and gamma con- 
tamination on hands and shoes (4). 


* . * 


This article is based on the author's two 
reports HW-52787 Rev. and HW-54287 Rev. 
The author acknowledges suggestions of M. O. 
Rankin, E. W. Groff, G. E. Driver and L. V. 
Zue rver. 
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MOMENTOUS DAY—Tuesday, January 

20, 1959—begins with final briefing of 
startup crew for Industrial Reactor Labora- 
tories, Inc.'s new research reactor. IRL is 
a $4.5-million nuclear research center 
established by 10 noncompeting industrial 
companies (NU, Oct. '56, R-5) near Plains- 
boro, N. J. Facility's AMF-designed reac- 
tor is largest (5-Mw) privately owned 
swimming-pool reactor in U. S. Bob 
Cochran (left)' and Dave Anderson (right) 
and other members of AMF crew had 
helped start up other reactors before; ex- 
clusive NUCLEONICS photos show how they 
brought this one to criticality 


= PHYSICIST Andy Hull monitors 
cask containing Ra-Be source as it comes 
from shipping crate. Source is needed to 
supply detectable neutron. level during ap- 
proach to critical 


STORAGE VAULT is first 

stop for Cochran to 
break out reactor's plastic- 
covered fuel charge 


5 ELEMENT #1 goes into the water as 
Anderson begins loading elements into 
pool storage racks prior to charging core 


WATER SAMPLE is 

checked before fuel 
loading begins. Filling of 
pool, started during the 
night, is approaching com- 
pletion 











CONTROL BOARD keeps score as fuel 
transfer from storage vault to reactor pool 
continues. Boyd Maxon records latest change 


Critical 


qu THERE—tension builds up in control room as decisive fuel element is lowered 
into place. Plot of inverse of neutron-flux level had been extrapolated to give 


critical number of elements 


LOADING BEGINS as first fuel ele- 

ment is placed in lattice position with 
fuel handling tool and crane. Crew 
had worked through lunch, ate sand- 
wiches and coffee in adjacent building 
during odd moments 


HALF-LOADED core under 
30 ft of water takes on eerie 
view for workers on bridge. 
After loading each element, 
crew withdraws control rods 
and measures neutron-fiux level 


CRITICAL CONFIGURATION shows on 
control board. Whole startup op- 


ération had taken place without single 
hitch 


| 


HE 


1 WE MADE IT!—critical congratula- 

tions are shared by Anderson and 
Schulze (right), AMF Atomics Engineer- 
ing Dept. Manager. Afterwards, group 
inserted control rods and went off to 
champagne-dinner celebration 
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Computing Aid for Reactor-Kinetics Equations 


By HENRI SMETS 


Brookhaven National Laboratory, Upton, N. Y.* 


THE GRAPHICAL AID presented here is a convenient tool for the 
computation of many reactor-kinetics problems. Its chief 
it can be used for all values of 
It can 


advantage lies in its versatility 
neutron lifetime and for a wide range of reactivities. 
be used to compute the roots of the inhour equation or the 
exact response to a ramp, exponential or inverse-function vari- 
ation of reactivity (1). It can also aid the computation of the 
kernel of the integral equation of reactor kinetics 


How It Works 


In many problems of reactor kinetics at low power, one must 
determine the roots s; of the equation 


Bid 
Z / 8 + 
where / is the effective neutron lifetime, 8; and \; are the yield 
and decay constants of delayed-neutron emitters of the group i, 


B = 3A; and a, b, c and d are constants Further, if 


the roots s; are the abscissae of the intersection of the straight 
line defined by Eq. 2 and the curve defined by Eq. 3. There- 
fore, if an accurate plot of the function Z(s) is available, the 
determination of the roots of Eq. 1 reduces to a simple geo- 
metrical construction. 

The function Z(s) for thermal fissions in U2** was computed 
for —4.5 <s < 1.4sec™! and is plotted in Figs. land 2. The 
calculations were made with the latest available data (2). 


When s is very small (\s 0.003 see 


Z(s) =~ 1 = 
0.07084 


and when s is very large (|s| > 10 sec 


_ Bid l 
Zis) = r x 


Examples 


With Figs. 1 and 2, the roots s; can be determined with an 
accuracy better than 1%, as willbeshown. A higher accuracy 
is not necessary because the parameters 8; and \; are known 
only with an accuracy of 5% (2 

Response of a reactor to a step increase of reactivity. 
The response of a reactor to a step increase of reactivity (3) is 


* Present AppRess: 24 Ave. d'Orbaix, Brussels, Belgium. This 
work was performed under the auspices of the U. 8. AEC and the 
Belgian-American Educational Foundation. It is part of a D.Sc. 
thesis written under Prof. Elias P. Gyftopoulos of MIT. 
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where n, and C;, are the initial values of the neutron density n 
and the delayed-neutron-emitter concentration C; for the 
group 2, k the reactivity, P and P; the slowing-down density 
per unit source strength respectively for prompt and delayed 
neutrons of the group 7, and y the average efficiency of the de- 
layed neutrons (y = 2; 6iP;/2; BP). 

The exponents s; are the zeros of the denominator of Eq. 6. 
They are found by solving Eq. lwitha = 1,b = —c = y(1 +k 
andd=k. This is then equivalent to the inhour equation. 
If k/p = 0.1, B/l = 10 sec and y = 1, Eq. 2 becomes 


Y(s) = 0.1 + 1+ 8/10 (7) 


Drawing the line given by Eq. 7 across Figs. 1 and 2 (at 
the proper scale), it is found that the roots of the denominator 
s, = +0.0105, ss = —0.01382, 
0.997, 8 = —2.845 


of Eq. 6 are (in see 
8s; = —0.0626, s, = 0.1862, s,;, = 
The last root is outside Fig. 2 but can be found by solv- 
ing Y(s) = Z(s) where Z(s) = 0.4053/s. The solution is 
$s; = 8.53 sec™!. 
When the seven roots are known, the coefficients A, 
are found by calculation of the residues. This solu- 
tion is n(t)/n, = 1.432¢°°1% 0.03e~%-013828 0.06 1 5e~0.0626¢ 
— 0.042¢~°: 1862 — 0.0205e~° 0.018e~— 2:54! — 0.258e~5-53¢ 
Characteristic frequencies of the reactor transfer function. 


The reactor transfer function (4) is given by 


(1 8 
it (8 + 8; 


where k, is the average reactivity such that the average neu- 
tron density remains constant during the oscillator test [when 
S = 0, k, is slightly negative because of nonlinear effects (4)}. 
The denominator of Eq. 8 is identical with the denominator of 
Eq. 6if k = k 
in the previous example 


Therefore, the poles s; are found as explained 
In Fig. 1, the effect of a variation of 
the neutron lifetime on the values of s; is displayed in the inset. 
It is seen that only the two largest roots, s5 and s7, change 
appreciably with /. The zeros s;* of the transfer function 
are very close to A; amd are, for y = 1, s:* = —0.012438, 
82* = —0.030467, s;* = —0.11126, s,* = —0.30064, s,* = 
— 1.13517, s6* = —3.0132. 
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Yugoslavian Criticality Accident, 


October 15, 1958 


Epitrors’ Note: In an accidental super- 
criticality of a zero-power reactor, eight 
people at the Boris Kidrich Institute of 
Nuclear Sciences, Vinca, Yugoslavia, 
received above-permissible radiation expo- 
sures. Six of them were flown to Paris 
for treatment under Henri Jammet, head 
of the Service of Atomic Huagiene and 
Radiopathology of the Curie Foundation 
One died (1); five have recovered and re- 
turned to Yugoslavia. An unusual por- 
tion of their treatment was the successful 
use of bone-marrow grafts (2 

The following description of the critical 
facility and the accident result from an 
radiograms be- 
tween the and Pavle 
Savic, director of the Boris Kidrich Insti- 


tute of Nuclear Sciences 


exchange of airmail and 


NUCLEONICS office 


In answering several NUCLEONICS ques- 
tions Savic indicated that the accident did 
no damage to the reactor or its materials 
Redesign to prevent a recurrence includes 
installation of a safety interlock system and 


a shield for personnel. 


THE CRITICAL FACILITY in which the 
dent occurred is a natural-uranium-heavy 


water assembly (3,4). Top and side views 
and 2 It 
The fuel is alu- 


rods 


of it are shown in Figs. 1 
shielded and unreflected 
minum clad 
control is accomplished by 


is un- 
natural-uranium and 
adjusting the 
moderator level. Two cadmium safety rods 
are available, but before the 
were not interlocked with the flux recorder 
If the recorder 


accident they 


was on, it controlled the 


safety rods, but nothing prevented starting 


FIG. 1. 


rods and moderated with heavy water 
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CRITICAL FACILITY in which accident occurred is un- 
shielded, unreflected aluminum tank fueled with natural-uranium 


the reactor without switching on the re 


corder. Some of the reactor characteristic: 


are listed in the table on page 155 


Design of Facility 


The zero-power reactor was built for reac- 
The first 
of natural uranium and heavy 


tor-design experiments. loading 


water was 


designed to gain reactor experience and 


accurate values for natural-uranium—heavy- 
water lattices. The bare, unreflected sys- 
tem makes it easy to compare measurement 
and theory. 

Reflection is reduced to <4% by 


reactor tank at least 4 meters from 


mount- 
ing the 
reflecting surface. 
the bottom of the tank, and their spacing is 


any Fuel slugs rest on 


fixed by two grids—one on the bottom of the 
tank and the other about 27 cm below the 
lid, 

Moderator level is adjusted by a pump- 
ind-valve system. As shown in Fig. 3, a 
storage tank below the reactor is connected 
to the reactor tank by 


gravity line provides an outlet, and a canned 


two pipes. A 2-in 
rotor pump and a 1-in. line provide inlet 
The pump operates at two speeds to change 
moderator level at rates of 2.5 and 0.8 cm 
min Near criticality reactivity changes at 
1.5%/em. Two lowering speeds are also 
available: 11 


measured to 


and 1.7 ecm/min. Level is 


within 0.2 mm by observing 
electrical contact between the water surface 
and a point probe. 

Three BF; counters of different sensitivi- 
ties indicate neutron flux. They are placed 
tank on the 


Each has its own preamplifier, linear ampli- 


around the lower platform 


fier, sealer and five-decade ratemeter. All 


three ratemeters are connected to a recorder. 


FIG. 2. 


Safety equipment consists of a super- 
visor’s control key, the two safety rods, 
neutron-flux monitors coupled to audible 


alarms, and automatic shutdown circuits. 
The safety rods are held by electromagnets 
that require the presence of the supervisor's 
key and have separate drives. On release 
they fall by gravity until checked by spring- 
shock 


mechanism 


type absorbers in the driving 


Approach to criticality is monitored by 
plotting the reciprocal of the multiplication. 
4 500 mec Ra-Be 
placed at any point on the axis of the tank 


neutron source can be 
by inserting it through a source-injection 
tube at the center of the lid 


flux 


Observing the 
decrease as the source is removed re- 
veals the reactor period. Sudden removal 
of the cadmium rods has been used to meas- 


ure periods as short as 10 sec. 


The Accident 


The lack of an interlock system and the 
fact that monitors and safety circuits were 
turned off 
October 15. 


made possible the accident of 
An uncontrolled rise of heavy 
water resulted in a supercriticality that was 
discovered only when operating personnel 
smelled ozone Figure 4 shows where peo- 
ple were standing near the tank at the time 
The following official report of the accident 


1s quoted verbatim 


During a subcritical experiment on Octo- 
ber 15th 1958, the 
water-natural 


zero energy reactor 


(heavy uranium assembly 
at the Institute of Nuclear Sciences “‘ Boris 
Kidrich"’ became uncontrolledly supercriti- 


cal. Six men in the immediate vicinity of 


Continued on page 154 


Windows 


TANK LID has cadmium safety rods, viewing windows and 
probe to measure moderator level. 


Tube at center is for 


neutron-source insertion 
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FIG. 2. PLANT LAYOUT shows relation of different processing 


areas and tanks set to receive near-critical liquids 


Los Alamos Criticality Accident, 
December 30, 1958 


By HUGH C. PAXTON, R. D. BAKER, W. J. MARAMAN, and ROY REIDER 


Los Alamos Scientific Laboratory, Los Alamos, New Mezico 


Eprtors’ Note: A sudden criticality in 
a processing vessel at the Los Alamos pluto- 
nium-processing plant occurred on Decem- 
ber 30. Asa result a technician died 36 hr 
later (NU, Feb. ’59, p. 21). NucLEONICcS 
presents here a report of the official investiga- 
tion of the The report tells that 
the accident occurred during an inventory 


accident. 


in which normal plant flow was interrupted, 
An unusual amount of plutonium had col- 
tank. When a 


stirrer was actuated an aqueous solution at 


lected in a processing 
the bottom of the tank flowed up around 
the plutonium-rich organic phase above it, 
produc ing criticality. 


THIS NUCLEAR CRITICAL ACCIDENT resulted 
from an unusual and complex set of circum- 
stances. Reconstruction of the steps that 
preceded it and analyses of the materials 
involved now give a reasonably specific 
picture of the conditions at the time of the 


radiation burst. 


Operational Background 


The portion of the plant in which the 
accident took place is used for concentration 
residues from a 
plutonium recovery operation. Typically, 
solutions contain less than 0.1 gm/liter of 
The 


plutonium and americium are separated by 


and purification of “lean” 


plutonium and traces of americium. 


repeated batch extraction into tri-n-buty] 
phosphate (TBP) carried in organic solvent, 
followed by back extraction into an aqueous 
phase that is concentrated by evaporation. 
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The resulting solution, containing plutonium 
at a few grams per liter, then is fed back 
into an earlier recovery stage. 

These processes are complicated by hy- 
drolysis of TBP into mono- and dibutyl 
phosphates from the actions of heat, nitric 
acid and Both 
hydrolysis products tend to form tightly 
bound plutonium complexes, and periodi- 
cally they must be precipitated from the 
TBP-solvent These plutonium- 
rich solids are filtered and sent to another 


alpha-particle radiation. 


mixture. 
part of the plant for processing in small 
batches. Figure 1 is a simplified flowsheet 
for the and 
Fig. 2 shows the corresponding layout of 
equipment. 

At the time of the accident a physical 
the TBP- 


normal in- 


residue-recovery operation, 


inventory was in progress in 


The 


interrupted, 


solvent-extraction plant. 
flow to this 
residual materials in all 


area was and 


process vessels 
were to be evaluated for plutonium content. 
This requires filtration of solutions supple- 
cleaning of 
clarified 


mented by thorough vessels 


and analyses of solutions and 


removed solids 


Before the Accident 


Reconstruction of significant events indi- 
that which 
normally would have been handled sepa- 


cates plutonium-rich solids, 
rately, were washed from two other vessels 
that dilute 
aqueous and organic solutions. After re- 
moval of most of the aqueous solution from 


into a large vessel contained 


this vessel, the remaining 40 gal of material 


was transferred to the stainless-steel solvent- 
treating tank in which the accident occurred 
(Fig. 3). This tank already 
about 80 gal of caustic-stabilized aqueous- 
organic emulsion that had resulted from 
the second step in the precipitation of TBP 
hydrolysis products. In addition, 
of concentrated nitric acid was used to wash 
solids from the bottom of the large vessel 
into the solvent-treating tank. Transfers 
into the bottom of the tank were followed 
by air-sparging, which mixed the contents, 
so that the emulsion broken by 
acidification plutonium originally in 
the solids was extracted into the solvent. 
Phases then separated; about 2.5 min was 
required. 

The resulting situation in the 225-gal, 
38-in.-diameter, solvent-treating tank im- 
mediately before the accident is now be- 
lieved to be as illustrated in Fig. 4: 87.4 gal 
of aqueous solution contained 40 gm of 
plutonium, and on top, a 42.2-gal layer of 
solvent 3.27 kg of plutonium. 
Solids (containing 60 gm of plutonium) 
were suspended in both the aqueous and 
organic phases and at the interface; few 
solids settled to the bottom of the tank. 
Estimates Fig. 5, taking 
account the tank diameter and effects of 
neutron that the 8-in.- 
thick solvent layer was barely subcritical 


contained 


13 gal 


was 
and 


contained 


based on into 


poisons, indicate 
at the plutonium concentration of 20 gm/ 
liter (the 
814 inches, and the actual configuration 
was roughly 5 dollars subcritical). 


estimated critical thickness is 


Continued on next page 
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The Accident 


A chemical operator started the motor 
driving the stirrer in the solvent-treating 
tank. There was a “blue flash” and a Aqueous solution Organic solution 
muffled report. The operator, who was ; 
looking into a sight glass at the top of the . 
tank, (Fig. 4) was knocked off the two-step Solids 
ladder on which he stood The operator 
apparently turned the stirrer motor off and 
then on again (this time noticing a rum- 
bling sound), ran out a nearby exterior ; 67 
door and called that he was “ burning up.”’ 3t 43: 
Though the shock displaced the tank about 0 56S 1129 7 20 
%¢ in. at its supports, the tank was not 0 0 


TABLE 1—Pu in Withdrawal Tanks* 


Tank no Volume (liters) (gm Volume (liters) Pu (qm) Pu (gm) 


63: 54 0 1.33 
§. 80 0 .09 
38 5.8 362 9.89 


ruptured and no plutonium escaped. : 68 or 50) 
The tank in which the accident occurred 7 : ¥ 
was not bolted to the floor. Tangential o4 
shift of one of the supporting legs was appar- 34 
ent because the initial position was outlined 0 
by the latest coat of floor paint A ppar- 0 
ently the tank pivoted about the opposite TOTALS 230 9 ‘ . 160.0 
pont. Average concentrations (gm /liter 
We cannot be certain that there was no E ; 
0.112 20.4 
following low-order burst when the stirrer 


Estimated solids not removed from tanks 3 and 8, and other solids 60 
was turned on the second time, but it seems 
unlikely. No accompanying blue flash was 


reported, and it is doubtful that the few sec- * Tanks shown in Fig. 6 are numbered successively from bottom totop. The nearer ones 


onds presumed to have elapsed while the are Tanks 1-5; the farther ones, Tanks 6-10. They were filled from bottom upward. 


stirrer was off would have been sufficient to 
re-establish a potentially critical situation 
Radiation-detector traces are consistent 
with a single-burst hypothesis, but do not 
exclude the possibility of two closely spaced photoflash”’), heard the report, went 
pulses. The stirrer rumbles when turned help, and was joined by a third operator. 
it appears that They joined the first operator who had by The burst activated a 
a nearby building. 





to the tank in which the accident occurred, the 
second operator turned off the stirrer motor. 


on under normal conditions; radiation alarm 


degree of rumble could easily have been mis- this time run out of a nearby door. All located 175 ft away in 


judged. We will never know for sure three men returned past the accident tank (This unit was connected to an indicating 
At the time of the burst a second operator to lead the injured operator to a shower. instrument and set to sound at 10 mr/hr. 
some 40 ft away in an adjoining room saw a By this time he suspected that he was suffer- After a report of the alarm, the entire plant 


reflection of the light on the walls (‘‘like a ing from an acid burn. As the three passed Continued on page 151 
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Begin with the knowledge of experienced scientists... 
conduct a seven-year research and development program 

.collect a wealth of solid operating experience. Result: 
GUARANTEED PERFORMANCE of a nuclear power reactor, 
designed by Atomics International to help meet the world’s 
power needs. 

This is the Oncanic Power Reactor—outgrowth of 
research and development on the organic system and opera- 
tion of the Organic Moderated Reactor Experiment (OMRE) 
conducted by Atomics International for the U.S. Atomic 


Energy Commission. 


Outstanding advantages of the ORGANIC POWER 
REACTOR: Low capital investment * Low cost opera- 


nternational technician with countercurrent distribution apparatus used to study moderator-coolant for Organic Power Reactor 


tion * High inherent safety and flexibility + Reliability 
resulting from 

* Non-corrosive moderator coolant * Low pressure system 

* Conventional, off-the-shelf components and materials 

+ Easy access during operation 


Atomics International is ready to furnish complete 
Orcanic Reactor electric power plants, including fuel 
elements, in a wide range of power levels. An experienced 
field staff will assist with initial plant operation, personnel 
training and maintenance procedures. 

For details contact: ATomics INTERNATIONAL, Canoga 
Park, California, U.S.A. Cable address: Atomics. 


47 ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
PIONEERS IN THE CREATIVE USE OF THE ATOM 


Other offices in: Washington, D.C., U.S.A.; Geneva, Switzerland, Affiliated with: INTERATOM, Bensberg/Cologne, Federal Republic of Germany 
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INSTRUMENTATION and MEASUREMENTS 


Portable Tritium Monitor 


Has Gamma Compensation 


By J. D. ANTHONY 
E. I. du Pont de Nemours and Co., 


Our portable tritium monitor is de- 
signed on the same air-sampling princi- 
ple used in the Los Alamos Model 101 
Sniffer (1).and the Tracerlab Tritium- 
Flow Monitor (2); But it has an addi- 
tional gamma-compensation chamber. 
It accurately detects tritium concen- 
trations in the range 4-1,600 x 107° 
pe/em*, It has a d-c amplifier, two 
ionization chambers, a deionizer and 
a battery-operated motor and blower. 
Total weight is 16 |b. 


Requirements 


In handling tritium associated with 
heavy-water moderator there is a possi- 
bility that some may become airborne 
in the form of tritiated hydrogen or 
water vapor. An instrument is needed 
to protect personnel from radiation 
hazard. It is desirable that it be: 

* Portable 
*Sensitive to 
tritium in air 

® Linear on all scales 

® Able to deionize entering air 

* Insensitive to all external radiation 


5 X 10-5 ywe/em* of 


© Equipped with an ion chamber easily 
decontaminated or replaced. 

In our chamber, gamma compensa- 
tion permits measuring low levels of 
tritium activity in a gamma field. Air 


FIG. 1. TRITIUM AIR SAMPLER is sensi- 
tive to 4 X 107° ¢/cm* and has gamma 
compensation 


110 


Aiken, South Carolina 


is drawn through a sample chamber, 
which passes a current proportional to 
the gamma field and the tritium in the 
The compensating cham- 
its current 


air sample. 
ber is connected so that 
subtracts from the sample-chamber cur- 
rent. The difference current, propor- 
tional to tritium activity, is amplified 
and displayed on the meter. A deion- 
izer is used to trap ions formed before 
the sample air enters the ion chamber. 

The over-all dimensions are 5 X 
10 X 16in. The unit is shown in Fig. 1. 


lonization Chambers 


The ionization chambers (Fig. 2) are 
of Plexiglas. Each has a volume of 
~1,600 em’. 


pensating chamber, and since it can not 


Chamber a is the com- 


become contaminated, it need not be 
removed. Chamber b has an opening 
at each end for passage of the air being 
sampled. This chamber is expected to 
become contaminated and therefore is 
removable for cleaning or replacement. 
Chamber c is a spare and is shown with- 
out the black conductive coating ap- 
plied before use. 

To connect the conducting walls into 
the circuit the chambers are plugged 
into banana jacks mounted on the 
The three holes in the top of 


chassis. 


FIG. 2. IONIZATION CHAMBERS have 
holes for collecting electrodes on narrow 
sides and holes for air flow at ends. 
Compensation chamber has closed ends 





the ion chambers are for collecting elec- 
trodes. Figure 3 the 
compartment into which the ionization 
chambers are inserted. 

The collecting electrodes, mounted 
in Teflon, have guard rings to reduce 
leakage across the insulation. Each 
chamber has three collecting electrodes 
to give a uniform electric field. They 
are permanently attached to the chassis 


shows chassis 


Banana 
plugs 


- 12 int 


FIG. 3. DISASSEMBLED INSTRUMENT 
shows collecting electrodes fixed in 
body, banana plugs for electrical con- 
nection to chamber coating 


and are not disturbed when the cham- 
bers are removed or inserted. 


Gamma Compensation 


The compensating chamber has a 
volume equal to the sampling chamber. 
However, it is closed and measures only 
gamma radiation. The collecting elec- 
trodes of each chamber are connected 
to the grid of the electrometer tube. 
The conductive walls are equally and 
oppositely polarized. Any radiation 
common to both chambers results in 
the cancellation of current flow across 
the high input resistance. 

Adjustable volume. Small differ- 
ences in effective volumes are to be 
expected in ion chambers designed to 
avoid costly machining operations. 
The resulting error is directly propor- 
tional to the gamma flux. To correct 
for this difference our compensating 
chamber has an inside false wall made 


of a thin sheet of brass. Moving the 
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Baird -Atomic 
In the new and highly complex field of radioactivity scintilla- 


is FIRST tion studies, Baird-Atomic has developed three outstanding 
: analytical systems. These Scintillation Spectrometers — the 
first of their kind — offer precision, speed, stability and 


in 
extreme sensitivity for qualitative and quantitative studies of 
SC N T | L LATI 0) N gamma-emitting isotopes. 


Baird-Atomic leads the field . .. 


FIRST 
IN DIFFERENTIAL SPECTROMETRY 


The B-A Single Channel Scintillation 
Spectrometer is the standard of the field 
for differential analysis of gamma-emit- 
ting isotopes. This is a new, all-electronic 
system .. . extremely stable, excellent 
non-overloading characteristics with ut- 
most reliability. 


FIRST 


IN AUTOMATIC RECORDING SPECTROMETRY 


The B-A Automatic Scintillation Spec- 
trometer is an exclusive, programmed re- 
cording instrument . . . introducing a 
new concept in automatic data processing 
to the field of atomic instrumentation . . . 
providing automatic histogram-plotting 
of integral or differential spectra. Record- 
ing unit (not illustrated) can be one of 
many commercial models. 
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FIRST 


IN HIGH SPEED MULTICHANNEL 
DIFFERENTIAL SPECTROMETRY 


The B-A Multichannel Scintillation Spec- 
trometer is the fastest, most stable multi- 
channel analyzer available 
unsurpassed for analyzing high resolu- 

at tae tion pulse spectra under all counting 

For further information on these ee, conditions . . . 20 to 120 channels. 
and other Atomic Instrument Systems, 
request B-A Catalog A-2 


. . ‘FD? 
Baird -Atomic, Inc. aird 
33 UNIVERSITY RD., CAMBRIDGE 38, MASS. wa ten 

| 
l : a 
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ON A RENTAL BASIS 


Here in Rockford, Illinois, centrally lo- 
cated in the Midwest and easily reached 
from eastern cities, is the MIDWEST 
IRRADIATION CENTER, equipped 
with an ARCO eight-million-volt linear 
accelerator. It will serve your needs for 
research or commercial irradiation of all 
products from drugs to foods and from 
plastics to chemicals. The accelerator 
produces high-energy electrons, neu- 
trons, and X-rays. 


AVAILABLE RADIATION OUTPUT 


ELECTRONS 
4 to 10 Mev 
Variable to 2.4 kw (at 8 Mev) 
Average Beam Current (Max.)..... 300 microamperes 
Peak Beam Current (Max.).......... 90 milliamperes 
Variable to 360/sec. 


(3 cm. from target) 


NEUTRONS 
Max. Total Neutron Production 
Max. Total Nevtron Flux 


Space is available for setting up experiments, and 
locked storage for apparatus and materials is 
provided. Research groups need only concern 
themselves with experiments . . . the Center will 
do the irradiation. Available for as little as an 
hour or for extended programs. 

Tell us your requirements. Full information fur- 
nished without obligation. 


Midwest Irradiation Center 
W. F. & JOHN BARNES CO. 





350 SOUTH WATER STREET 
ROCKFORD, ILLINOIS 


INSTRUMENTATION 
AND MEASUREMENTS 


This article starts on page 110 


brass wall changes the effective volume. 
The compensating chamber is slightly 
larger than the sampling chamber to 
insure that the volume difference will 
be within the range of adjustment. 
Adjustment is made by exposure to 
a uniform gamma field without remov- 


ing either chamber. The volumes can 


Front of case 


Chamber 
woll 


_— Battery terminals 


Electronics 


The amplifier is the same as that used 
in the Samson alpha survey meter (3) 
minor modifications. This am- 
its stability, 
It is 
a three-stage-d-c amplifier in which the 


with 


plifier was chosen for 


linearity, and high current gain. 


input tube serves as an electrometer. 
The 100% 
feedback for stability and has a current 


circuit employs negative 


gain of ~10°. The amplifier is linear 


over the range used and has a drift rate 


Aluminum case 
(negative electrode) 


_ Positive electrode 


+. ~ 
Air flow 


4_ Eight 22'2- volt batteries in series 


FIG, 4. 
entering air 


be made equal within 1% by adjusting 
until the meter reads zero. In a uni- 
form field of 10 mr/hr this 1% differ- 
ence results in an error of ~ 107° we 
of tritium. With no compensation the 
error is 96 XK 107° ue We have 
no data in nonuniform fields. How- 
ever, the error would be ~9.6 * 107° 


em?” 


em’, 


ue/em? if there were a difference of 1 
mr/hr in the radiation fields at the two 
chambers. 


Deionizer 


Since we want to collect only ions 
caused by tritium beta radiation within 
the chamber, a deionizer is provided to 
remove as Many ions as possible from 
the air before it enters. Large charged 
particles such as those in cigarette 
smoke are not efficiently collected by 
either the deionizer or the measuring 
Therefore the 
reading is not seriously affected by 


chamber. instrument 
smoke unless it is present in such large 
concentrations that it is easily visible. 

The deionizer is housed in an alumi- 


num cylinder attached to the front of 


the instrument. It consists of positive 
and negative electrodes supplied by 
eight 22!¢-volt 


Figure 4 shows the construction. 


series. 


batteries in 


DEIONIZER uses potential from 8 22!5-volt batteries to remove ions from 


of 8% of the X10 scale in the first hour 
after a 3-min warmup. The circuit is 
shown in Fig. 5. 

A-c noise developed in the amplifier 
is reduced by the capacitor in parallel 
with the input resistor. The capacitor 
counteracts the shunting effect of the 
feedback. 


This capacitor is a coating of con- 


input capacitance on a-c 
ductive paint on the glass case of the 
input resistor. When it is not present, 
circuit noise causes meter fluctuations 
as great as 40 wa; with it these are 
reduced to less than Sma. 


Motor and Blower 


The motor and blower are housed in 
the the The 
motor is operated from two six-volt 


bottom of instrument. 
batteries in parallel and has a con- 
tinuous operation time of about 20 hr 
Battery life is 
much greater in ordinary use when the 


on one set of batteries. 


motor is not normally run continu- 
Air flow through the chamber 
Batteries 


are accessible through the rear. 


ously. 


is between 0.75 and 3.3 efm. 


Calibration 
To 


ment 


the instru- 


tritium as 


determine whether 


would respond to 
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See Marman Products at the Atom Fait | iia th am 
YY a a 


Bolted Flange 


rating 300 psi. 








CONOSEAL 


rating 2500 psi. 


Heavy-Duty CONOSEAL JOINT Seals 
Perfectly at High Temperatures and Pressures 


Where extremes of pressure and temperature are standard 
operating conditions for fluid lines, specify the all-metal 
Marman Heavy-Duty CONOSEAL Joint. It is designed to 
provide absolute dependability in connecting and sealing 
piping, even when subject to severe shock and distortion. 


Marman Heavy-Duty CONOSEAL Joints provide maximum 
insurance against leakage or failure where dissimilar ma- 
terials must be joined, such as stainless steel to aluminum or 
Zercaloy. Made entirely of metals not subject to deteriora- 
tion, CONOSEAL Joints have long shelf life, require no 


maintenance. 


The Heavy-Duty CONOSEAL Joint offers rugged depend- 
ability and simplicity of installation to meet a wide range of 
nuclear applications. Remote and semi-remote handling 
couplings are available for ‘hot’ areas. Lightweight con- 
figurations of the CONOSEAL Joint are also available. 
Mail coupon below for full information. 
Industrial Sales Department 


MARMAN DIVISION, Aeroquip Corporation 
11214 Exposition Bivd., Los Angeles 64, California 


Please send me complete information on the 6400 CONOSEAL 


DIVISION Joint. | am concerned with temperatures from__._....__” to 


—_” to ___"F, and pressures from ______._ pi. 
ES eat 2 


to _._______ psi. Fluids to be conveyed _ 





a 
a 
Company 


baa ote be 


eroquip/Corporation ~--- 


11214 EXPOSITION BLVD., LOS ANGELES, CALIFORNIA Address 
'1N CANADA: AEROQUWP (CANADA) LTD., TORONTO 19. ONTARIO 
Marman Products are Covered by U.S. and Foreign Patents and Other Patents Pending 
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NEW 


Analytical Services 
by NUMEC 


We can now provide you: 
@ Analysis of hydrogen in metals by 
hot vacuum extraction 
e BET surface area measurements 
e Analysis of oxygen in metals 
e Rare earth analysis by ion ex- 
change techniques 
in addition to: 
© Optical emission, X-ray fluores- 
cence and X-ray diffraction spec- 
troscopy 
e Uranium isotopic assays 
© Wet analytical chemistry 
© Metallography 
e Tensile, fatigue, hardness, impact 
and burst testing 











detection 
e High-temperature, 
corrosion testing 
Qualified for naval 
vendor analyses. 
NUMEC also offers unirradiated 
scrap recovery, specialized metallurgi- 
cal and ceramics fabrication, and quan- 
tity production of control materials and 
enriched reactor fuels. 


high-pressure 


reactor core 


NUMEC 


Nuclear Materials 
and Equipment Corporation 


Apollo, Pennsyivania 


Telephone: GRover 2-8411 Cable NUMEC 
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INSTRUMENTATION AND MEASUREMENTS 


Compensating CK 5886 


This article starts on page 110 








Guard 














CK5I2 | 225,volts CK5i2 ,, 22.9 volts 
o— 4 

















100k 




















225 volts 


* 





























FIG. 5. D-C AMPLIFIER uses 3 stages and 100% negative feedback to get stability, 


linearity and current gain of 10° 


expected an experimental arrangement 
was set up as shown in Fig. 6. The 
portable sampler was connected in 
series with a 60-liter box in a closed 
system. Tritium was introduced as 
vaporized HTO by first drying the air 
in the box with silica gel and then 
placing a tray containing a solution of 
liquid HTO in the box. After enough 
tritium oxide had evaporated to give 
the desired concentration, the tray was 
removed. The air was then circulated 
continually by the instrument blower 
to give uniform concentration through- 
out. Lower concentrations 
tained by disconnecting the tubing at 
one point for a short time to allow 
the 


were ob- 


contaminated air in 
become diluted. 

A standard Applied Physics Corp. 
calibrated 


system to 


chamber connected to a 
vibrating-reed electrometer measured 
the tritium in the sample. All of the 


readings of the portable tritium air 


| sampler and the vibrating-reed elec- 
@ Helium mass spectrometer leak 


trometer agree within +25%, which is 
estimated to be the accuracy of the 
air-sampling method that is employed. 

Routine calibration. Provision is 
included in the portable tritium air 





Tygon tube 








Pt" 


Portable 
tritium 











sampler to use a gamma source for 
calibration, since routine calibration 
using tritium is impractical. A switch 
is provided which eliminates gamma- 
compensating during calibration and 
places the two chambers in parallel. 

A simple calculation determines the 
gamma equivalent of tritium beta 
radiation. A field of 1 mr/hr causes 
the same current in one chamber as 
9.61 K 107-5 ue/em* of tritium. Be- 
cause two chambers are used in cali- 
brating and only one in detecting 
tritium, 1 mr/hr of gamma radiation 
gives a reading equal to 2 X 9.61 x 
10-° = 19.22 &K 10-> we/em!? of tritium. 

Because the characteristics of some 
of the circuit components may change 
with use the sampler should be recali- 
brated every 2 weeks. 


* x x 


This article is based on work under Contract 
AT(07-2)-1 with the AEC. 
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3. Operating instructions—Samson alpha survey 
meter. (Radioactive Products, Inc., Ferndale 
Mich.) 


B. C 


Vibrating -reed 
electrometer chamber 


Sealed 
me— box 














See = 
Tray containing HTO 

















monitor 


FIG. 6. 
vibrating-reed static sampler 


‘Air flow ———> 


EXPERIMENTAL CALIBRATION compares response of portable sampler and 
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frothon ACF ADVANCE rowarp Making “ATOMS FOR PEACE @ 


<ace> boiling water reactor 


ACF’s nuclear know-how and extensive experience has again resulted in a reactor 
of superior design the ACF Boiling Water Reactor. This technically proved and 
economically attractive nuclear heat source can be readily applied to the production 
of steam for use in electric power generation, in process heat and propulsion. 


The boiling water reactor concept is ideally suited for application in electrical 
ower —————--=generating plants such as the one ACF is now building for the Rural Cooperative 
Power Association at Elk River, Minnesota. This type of power unit, which can be 


added to existing conventional facilities or operate as a part of an all-nuclear plant 
is capable of producing up to 50,000 kilowatts of electricity. 


Engineering studies done at ACF have resulted in a design of a nuclear reactor system 

“which will supply process steam for industrial uses, on an economically attractive 
basis. This plant, generating 100 mw of heat and 300,000 Ib/hr of 190 psia 375°F 
steam, would employ the basic proven concepts of the boiling water reactor. 


The application of the boiling water reactor as a power plant for the propulsion of 

ip) [| Sidi maritime vessels, has been carefully studied by the ACF staff. ACF is prepared to 
offer their engineering and design services as well as manufacturing and installation 

supervision on maritime nuclear propulsion projects involving boiling water reactors, 


wee WRITE TODAY FOR ILLUSTRATED BROCHURE “NUCLEAR REACTORS” 
BOOTH 1715-17-19 


NUCLEAR PRODUCTS—-ERCO 


Division of GCF Industries Incorporated * 508 Kennedy Street N. W., Washington | 1, 0. C. 
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How to detect and 
measure 1,(6,7 


Choose one of these three combinations 
for a compact, economical, all-purpose 
laboratory . . . 


QO+90...or 
0O+0...0F 
0+0+90 


(PC-3A) 
$1295.00 


Precision detection and counting of alpha and beta 
gamma activity in prepared samples. No window 
absorption. Full 2 pi geometry. Sample analyzed 
directly inside detecting chamber. High voltage and 
scaling systems operate with US-1 and SC-1 shown 
below. Accassories optional. 


2 


UNIVERSAL 
SHIELD 
(US-1) 
$395.00 


Detects gamma and beta-gamma activity in prepared 
flat samples. Beta-gamma G-M detector furnished 
Also accepts gamma scintillation detector, mylar 
window G-M flow detector, and strip chromatograph 
scanner. Operates with PC-3A. 


3 


WELL-TYPE 
SCINTILLATION 
COUNTER 


(SC-1) 
$980.00 


Detects low-level gamma activity in test tube type 
samples. Also takes flat type samples. All-transis 
torized amplifier. Works with any scaler. Operates 
with PC-3A. 


WRITE FOR CATALOG OR PHONE COLLECT 


Nuclear 
Measurements 
2460 N. Arlington Av 
Corp. Phone sisters pone 
INDIANAPOLIS 18, INDIANA 


International Office: 13 E. 40th St., New York 16, N. Y 
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Coated Semiconductor Is 


Tiny Neutron Detector 


By R. V. BABCOCK, R. E. DAVIS, S. L. RUBY, K. H. SUN and E. D. WOLLEY 


Westinghouse Electric Corporation, Pittsburgh, Pennsylvania 


Semiconductor neutron detectors less 
than 4 in. in diameter can measure 
fast and thermal neutron fluxes in the 
range 104-10"! There is 
adequate discrimination against associ- 
We have used 
thermal- 


n/cem?/sec. 


ated gamma radiation. 
the detectors to map the 
neutron-flux pattern in 
Figure 1 shows one of 


a low-power 
reactor core. 
the detectors. 

The detector consists of a pn junc- 
tion coated with a nuclide that pro- 
duces energetic charged particles from 
neutron irradiation. For fast neutrons 
we surround the system with paraffin 
Dimen- 


to provide recoils. 


sions are small; the semiconductor ele- 


proton 


ment measures ~1l mm on an edge. 
For this reason spatial resolution rival- 
ing foil techniques is available at con- 
siderably less time and effort. Radi- 
ation damage may be a problem, but in 
one test an exposure corresponding to 
5 X 10° fission fragments/cm? 
duced no change in counting efficiency. 


pro- 


Prospects 


With these detectors measurements 
of time-varying fluxes are practical in 
many otherwise intractable situations. 
Low gamma sensitivity and small flux 
perturbation recommend the devices 
particularly for reactor experiments. 
In other areas there is the prospect of a 
‘long counter’? with no thermal 
sensitivity. 

The attractive size carries a penalty 
of relatively low counting efficiency, 
ranging at present from 10~* to 107 
count/n/em*. A size limitation is fixed 
by relatively large capacitance per unit 
area of a pn junction and also the noise 
level of the amplifiers. Appropriate 
control of the junction thickness will 
lead to lower capacitance. Operation 
with reverse bias can also increase sig- 
nal size. Our expectation is that de- 
vices of this size can be built with 
efficiencies of 10~* count per unit flux. 

As yet little effort has been spent on 
the problem of rise time. For alpha 
particles, which are stopped within a 
few microns of the junction, rise times 


FIG. 1. NEUTRON DETECTOR ON 
THUMBNAIL. It offers spatial resolution 
equivalent to foil techniques at less cost 
and effort 


are less than 2 XK 10~-* sec (1). We feel 
that rise timet is related to length of the 
particle track LZ as t = L?/D, where D 
is carrier-diffusion constant. Present 
limits in counting rates are set by exter- 
nal circuitry. 


Semiconductor Detection 


The ability of semiconductor junc- 
tions to detect charged particles has 
been demonstrated by various workers 
1, 2). A charged particle passing 
through a semiconductor loses energy 
by creating electron-hole (e-h) pairs, 
which diffuse through the material un- 
til they either recombine or are removed 
by some other mechanism. If these 
e-h pairs diffuse into the pn junction, 
they are separated by the field within 
the junction and produce a voltage 
pulse that can be amplified and counted. 
If the incoming particle is an alpha par- 
ticle, triton or fission fragment, a suit- 
ably designed junction will collect all of 
the e-h pairs, usually in less than 107" 
sec. This forms a voltage pulse ap- 
proximately equal to the particle energy 
divided by the ionization potential of 
the semiconductor and the capacitance 
of the junction. However, a gamma 
photon provides such low ionization 
density that only a small fraction of its 
energy is dissipated in the range of the 
Consequently, pulse-height 
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KOLLMORGEN Instruments and Systems 
for underwater viewing 


Kollmorgen designs and manufactures 
optical, mechanical and electronic instru- 
ments and systems for remote viewing, in- 
spection, testing and photography. The 
machine tool, chemical process, atomic 
energy, missile, oil and pipe line, electronic 
and motion picture industries exemplify the 
variety of fields which Kollmorgen serves. 

If you face a remote viewing problem it 
may be that a standard Kollmorgen instru- 
ment can help solve it. If not, our engi- 
neering department can design a special 
instrument to meet your needs. A pro- 
curement sketch with brief description of 
the problem is sufficient to start. 

A new twenty-four page illustrated bro- 
chure describes our facilities and products. 
You may have a copy by writing Dept. 114 


1 
7 


Photo courtesy Phillips Petroleum Company Sf 


At the National Reactor Testing Station, a Phillips Petroleum Company 
technician inspects radioactive materials through a Kollmorgen 
Underwater Periscope. The instrument is mounted on the edge of 
the working canal which abuts the Engineering Test Reactor. 


Most major atomic installations use Kollmorgen Remote Viewing 
Equipment. At the Shippingport Reactor, a Kollmorgen Periscope 
similar to the one shown (right) is used for inspecting fuel elements. 
The instrument is equipped for photography of radioactive material. 


for internal inspection 


Zeiss-Kollmorgen Borescopes are versatile devices for the internal in 
spection of tubing, long bores, engines, aircraft structures, etc. They are 
self-illuminating. Diameters from .100”, lengths to 45 feet or longer. 


« KOLLMORGEN 
c 


optical corporation 
NORTHAMPTON, MASSACHUSETTS 


Kollmorgen will exhibit at the Atomfair—Cleveland— 
April 5—10—Booth No. 501. 
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PHOTOMULTIPLIERS 
FOR LOW 
ENERGY COUNTING 


by 


E.M.1. ELECTRONICS LTD 


A range of tubes with CsSb photo- 
cathodes specially processed to give 
an electron emission rate as low as 
12/sec/cm?. 





TYPICAL CHARACTERISTICS 





Type 9524S 
No. of stages 


Peak Quantum 
Efficiency 


(at 420 mu) 8% 


Overall Voltage 1600 


Gain 10° 


Dark Current »A 03 











These tubes are specially suitable for 
room temperature counting of C!* and 
Hin liquid scintillators, or for detec- 
tion of low energy X-rays, e.g., from 
Pu?9® jn Na |.TI. 


ELECTRONICS LTD 


E.M.I. 
VALVE DIVISION 
HAYES - MIDDLESEX 
ENGLAND 


Cable Address: EMIDATA LONDON 


EEI2 
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INSTRUMENTATION 
AND MEASUREMENTS 


This article starts on page 116 


discrimination against gamma fluxes is 

adequate except for pile-up phenomena 

encountered in extremely high fluxes. 
Neutrons are commonly detected 





through charged particles from their 
For fast 
appropriate reactions are recoil of 
fast fission of Th**?, Np, 
N'4(n,p)C'*, $52(n,p) P*, 
For thermal neutrons ap- 


nuclear reactions. neutrons 
protons, 
U2**, and 
Li*(n,a) H*, 
propriate reactions are thermal fission 
of U2, U25, Pu%s*, B'(n,@)Li’, and 
Li'(n,a)H*. A pn 
coated with a thin layer containing one 


surface junction 
of these nuclides makes a simple neu- 
tron detector. A schematic of such a 
device is shown in Fig. 2. 

In this way, we have developed sili- 
con and germanium junction detectors 
suitable for measurement of thermal 
and fast neutron fluxes, using H!', Li®, 
Be U2* as target nuclei. By 
varying the junction areas and the 


and 


nature and amount of target nuclei, 
these detectors can be adapted to vari- 
ous neutron-flux measurements in the 
range 10*-10!! n/em?/sec. Dabbs and 
his coworkers have used similar tech- 
niques to measure U?** fission spectra 
at liquid-helium temperatures (3). By 
forming broadly graded junctions that 
do not operate at room temperatures 
but provide low capacitance per unit 
area at low temperature, Dabbs was 
able to use junction areas greater than 
with correspondingly higher 
sensitivity. 


1 em? 


| Ge Thermal Detectors 


Surface pn junctions were formed 
|from p-type germanium by diffusion 


techniques. We diced the units and 


| ps B'°(exp) 


ts/n/cm* (| 


Coun 





pn junction 

6 Ohmic contact 

u~"or Li an 
<n 

o<¥, > 
~0.03cm 


__Ge or Si_ 


10 | 235 
B, 





__——> Base contact 
FIG. 2. CROSS SECTION shows how 


neutron-sensitive nuclide is coated above 
pn junction on germanium or silicon 
wafer 


made circular junction areas of about 
3 xX 10-8 
posited on the n-type surface and con- 
tacts soldered. 


cm*?, B' layers were de- 
We made six units and 
tested them in a thermal neutron flux of 
3 X 10° 
Van de Graaff generator 
Be*(djn)B'’ reaction. The 
flux determined by 
activation with 


obtained from a 
with the 
neutron 
indium-foil 
cadmium-difference 


n/em?/sec, 


was 


techniques. 

We 10,000-ohm load resistor 
across the leads from the detector and 
connected 
rectly to an a-c-coupled pulse-amplifi- 
cation system with 5-Me bandwidth, a 
pulse-height analyzer, 
In practice, the amplifi- 
cation was achieved by using a wide 
band preamplifier with a gain of 100 in 
front of the nuclear-detection 


use a 


no bias. Signals are di- 


single-channel 
and a scaler. 


usual 
amplifier. 

In Fig. 3, representative experimen- 
tal pulse-height spectra are compared 
with spectra calculated from range and 
data. The 
maximum pulse heights were about 
300 uv. Large counting rates at low 
pulse height are attributed to the par- 
tial collection of e-h pairs formed by 
particles incident just outside the junc- 
tion The a Co 
gamma flux of 10° photons/cm?/sec is 


differential-cross-section 


area. response to 





Pulse Height (#v) 


FIG. 3. 


tectors and response to Co" flux at 10° photons /cm?/sec. 


PULSE-HEIGHT SPECTRA—calculated and measured—for B'°-coated de- 


Window width was 30 pv 
April, 1959 - NUCLEONICS 





AMPLIFIERS reccter contro 


Typical of the extra value you get in Honeywell 
nuclear reactor control amplifiers is the Log N and 
Period unit. It combines basic time-proved circuits 
with exclusive Honeywell improvements developed 
through extensive experience in application and 
system responsibility for reactor control systems. 





In this newly improved model, you get: 

@ freedom from spurious scrams, gained by proper 
filter time-constants and extensive decoupling 
of all critical circuits; 

@ highly stable period section using chopper-type 
d-c amplifier; 

@ built-in period calibration, with quick and simple 
front panel adjustment and meter indication; 

@ calibration of both power and period sections 
during operation without scramming the reactor; 

@ independently adjustable warning and scram 
times. Scram adjustment covers 3 to 10 seconds, 
annunciation 3 to 30, and the settings do not 
interact; 

@ adapter plug speeds matching of amplifier to a 
particular reactor; 

@ 115/230 volt, 50/60 cycle operation. 


Write for specifications on this Log N and Period 
amplifier, and for data on all pictured units. For 
assistance in applying these amplifiers to nuclear 
reactors, critical assemblies or simulators, call on 
your Honeywell field engineer . . . he’s as near as 
your phone. MINNEAPOLIS-HONEYWELL, 10721 
Hanna St., Beltsville, Md. 





Log N and Period Amplifier 








A1D-(P) Preamplifier 











C.1.C. Power Supply Low Level Period Amplifier Safety Amplifier 














Look for these amplifiers at the Honeywell 


1959 AtomFair & 5th Nuclear Congress 
Cleveland, Ohio * April 5-10 + Booth 224 
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Our Advanced Design Group 
is at work on 


NUCLEAR 
ROCKET ENGINES 


and needs the help of 
the following men 


Senior Engineer. MS or PhD. He 
will study nuclear engine applications, 
determine the most suitable missions, 
correlate engine thrust requirements 
with vehicle performance, and evalu- 
ate vehicle and engine system design 
problems peculiar to the thermal, 
nuclear, and space environment of 
nuclear missile systems. 

Senior Engineer. MS or PhD. He 
will make system dynamic studies of 
nuclear rocket engine systems to 
determine system stability and opera- 
tional characteristics, establish con- 
trol system requirements to obtain 
required accuracy and response char- 
acteristics, and synthesize new meth- 
ods of control required by thermal 
and nuclear radiation environment. 


Senior Design Engineers or Spe- 
cialists. BA or MS or equivalent 
These men should be conceptual 
rocket engine designers with experi- 
ence in turbopump or high speed 
rotating machinery layouts and famil- 
iarity with combustion devices. They 
should be creative designers, oriented 
toward preliminary design. 


Please write to Mr. C. D. Jamieson, 
Engineering Personnel Dept., 6633 
Canoga Avenue, Canoga Park, Calif 


ROCKETDYNE I 


A DIVISION OF NORTH AMERICAN AVIATION, INC 


FIRST WITH POWER FOR OUTER SPACE 
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INSTRUMENTATION 
AND MEASUREMENTS 


This article starts on page 116 


FIG. 4. MEASURING X, 
miniature detector goes among fuel ele- 
ments of critical facility 


also shown in Fig. 3, indicating that 
excellent discrimination against gamma 
flux is achieved by appropriate pulse- 
height biasing. 

Primary consideration in the applica- 
tion of these detectors is their sensitiv- 
ity to damage by fast neutrons and 
alpha particles from the B'®. Recent 
fast-neutron damage studies on germa- 
nium (4, 4) indicate a useful life of the 
order of 10" nvt. The 
terms of alpha-particle dose was meas- 


lifetime in 


ured by exposing an uncoated detector 
to 5-Mev radium alpha particles. A 
total dose of 3 X 10'! alphas/cm?, cor- 
responding to a thermal-neutron dose 
of 
efficiency above a fixed pulse-height 
bias by 15%. 


10’? nvt, decreased the counting 


This result provides an 
upper limit for the damage rate due to 
the less energetic alpha particles from 
the B!°(n,q@)Li’ reaction. 


Si Thermal Detectors 


Silicon pn junctions with depth and 
capacitance per unit area roughly equal 
to those of the germanium junctions 
were also obtained. We cut rectangu- 
lar wafers, a few square millimeters in 
U2 
They were then connected to 


and coated them with 


pt yw der. 


area, 


0.080-in.-diameter coaxial cable and 


sealed in 0.093-in.-diameter aluminum 


Control-rod follower 
| cm away 


4 
Radial Bessel function 
normalized to |1.4x core 
| radius — ad 
4 l2 20 
Distance (cm) 


Thermal flux (n/cm?/sec) 





FIG. 5. CORE AND FLUX observed in it with miniature detector. 


- Edge of core | 


tubing. Counting efficiencies of these 
detectors were in proportion to the U2**- 
coated area, ranging from 10-7 to 10-6 
counts/n/cm? over 14 such detectors. 
Maximum fission pulse heights ranged 
from | to 5 my, in inverse proportion to 
the junction area. Pulses due to alpha 
disintegration of the U**> of about 140 
this size also appeared, demonstrating 
the linear energy conversion of the de- 
vices. Because of the relatively large 
particle energy and correspondingly 
large signal these detectors can drive 
standard pulse-counting equipment 
through up to 100 ft of transmission 
cable. Incidentally, if it is desirable, 
such signals can be analyzed without 
additional preamplification. 

With these detectors, axial and hori- 
zontal neutron flux distributions were 
measured in a cylindrically symmetric 
at the 
Westinghouse Reactor Evaluation Cen- 
ter. 


critical-experiments reactor 
A photograph of one detector 
being inserted into the reactor core is 
shown in Fig. 4. The resulting hori- 
zontal flux profile is compared in Fig. 5 
with a suitably normalized Bessel func- 
tion. Flux variation due to periodic 
arrangement of fuel elements shows the 
dimensional resolution possible with 
these detectors. 

This 


directly usable form during 21 min of 


information was obtained in 


reactor operation. The unnormalized 
fiux values were consistent with simul- 
taneous indium- and gold-foil activa- 
tion measurements. The correspond- 
ing axial flux profile, obtained during 
a lower power level, is 
The 


normalized at 


operation at 
solid curve 


shown in Fig. 6. 
i the 


is a cosine curve 
maximum. 
Studies of fast-neutron damage to 
thin-base silicon diodes show serious 
increases in the forward voltage drop 
and reverse current after a total fast- 
Al- 
though these parameters are not direct 
effi- 


ciency, it is expected that properly de- 


neutron exposure of 10!° nvt (6). 


indicators of charge-separation 


0 _ o Path of 
om ><. detector 


- 
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Control-rod 


Detailed 
followers 


fuel-rod 
arrangement 
om oO" 


Radial profile fits 


appropiate Bessel function except for variations corresponding to fuel-rod spacings 
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MANUFACTURING 
TOLERANCE .0OO2 * 


* Manufacturing tolerance of .0002 


required to maintain linearity over 15 foot 
length of control element. 
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One of a battery of optical boring mills 
operated by an experienced team of ma- 
chinists devoted exclusively to the design 
and production of control rod mechanisms. 
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Do you have a manufacturing problem requiring high tolerance 


factors ... contact the Marvel-Schebler team for fast 
economical help. 


MARVEL - SCHEBLER 
PRODUCTS DIVISION 


BORG-WARNER CORPORATION (i. 
DECATUR, ILLINOIS 


ele) 


Export Sales: Borg-Warner International, 36 $. Wabash Avenue, Chicago 3, Illinois 

















FOR PRESSURE 
VESSELS“? 





LI F magnetic 


controlled manipulator 


It works in a fully leakproof tank. 
The motions are operated from the 
exterior by magnetic field through 
the upper wall of the tank without 
any mechanical contact whatever. 
There is no maintenance for the 
inside part. 

The upper part is easy to maintain 
and is not contaminated. 


CHARACTERISTICS 
tongitudinal line 
transversal line 
vertical line. . 
rotation around the 

vertical continuous 
rotation of the handle 1450 
rotation of the grip ..... 480° 
maximum grip... 


Further information on demand: 


AMERICAN LIP CORPORATION 

610 Fifth Avenue - Suite 7042 
NEW-YORK 20 (N.Y.) 

Tel. Circle 6-0088 - 6-0089 
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INSTRUMENTATION 
AND MEASUREMENTS 


This article starts on page 116 


| signed particle detectors should operate 
‘to this level or better. The damage 
| due to fission fragments from the U2*5 
| coating must also be considered. Ina 

crude damage experiment one U?**- 

coated detector, exposed to an inte- 

grated reactor flux of 10'* nvt thermal 
|neutrons, corresponding to ~5 X 10° 
fission fragments/em?, showed no 
| change in counting efficiency. 

Because fission-fragment damage was 

|expected to be the controlling damage 
‘effect, a similar silicon detector was 
|made with a junction of 5 K 107% cm? 
area and coated with less than 1 mg/cm? 
of LiF. This detector provided pulses 
of 150 wv and counting efficiency of 
3 X 10-* counts per unit flux. 
| the range of the 2.8-Mev triton is about 
| 8 mg/cm?, the counting efficiency could 
| be increased by a factor of 10 by using a 
thicker LiF coating. 


Since 


| Fast-Neutron Detectors 


Placing 1-mm paraffin layers over 
detectors.made by the previously out- 
| lined procedures, we made fast-neutron 
| detectors. 
to 1 mv, corresponding to about 2 Mev 
in the junctions, were observed from a 
| Be*(d,n)B'° neutron source. This 
| maximum energy output of 2 Mev in 
| response to a neutron flux containing 
energies up to 6 Mev may indicate that 
|the range of the recoiling protons was 
too long to permit complete collection 
of the e-h pairs. Such a saturation 
phenomenon should not affect counting 
efficiency. Observed counting effi- 
ciencies for a collimated neutron beam 
were about 3 X 107° 
above a pulse-height bias corresponding 
to 1 Mev. Corresponding efficiency in 
an isotropic flux would be just 14 as 
great because of the additional likeli- 
hood that recoil protons will be directed 


Fast-neutron pulses of up 


counts/n/cem? 


away from the semiconductor. 
Counting efficiency as a function of 
energy has not yet been measured. 
However, this can be estimated from 
the probability of a recoiling proton 
escaping the paraffin layer and entering 
the semiconductor with a certain mini- 
mum energy. Detailed consideration 
of the differential cross section for neu- 
tron-proton scattering, and proton 
range-energy relations in paraffin indi- 
| cate a nearly linear increase in counting 
efficiency with incident neutron energy 
for a thick paraffin layer. By appro- 
priate variation of the amount of paraf- 


Thermal Neutron Flux 
(10? n/cm®/sec) 


84 108 
Detector Position (cm from bottom) 
FIG. 6. AXIAL FLUX PROFILE in same 


reactor matches normalized cosine 
function 


fin at different heights above the junc- 
tion the counting efficiency could be 
made independent of neutron energy 
above a certain threshold. The result 
will be a cone-shaped paraffin layer. 
Thus one could hope to make a minia- 
ture ‘‘long counter,” or energy-inde- 
pendent counter, with no thermal-neu- 
tron sensitivity and very little flux-per- 
turbing effect. 
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SOLENOID VALVES = (#5 
FOR NUCLEAR REACTORS... 


an 





ASCO FOUR-WAY VALVE- 
CONTROLS ISOLATING VALVE IN CIRCULATING LOOP 


From ASCO’s nuclear energy facilities — the only ones in the Solenoid Valve For further information, request “ASCO Valves 


industry to include a hot test loop — now comes a complete family of solenoid for Nuclear Reactors” and Catalog No. 202. 


valves tailored to atomic energy requirements. 


Typical is the 4-way valve illustrated above designed for the control of the main 
cylinder-operated isolating (stop) valve in the circulating loop. This stainless 
steel, packless type (hermetically sealed) valve features exceptionally tight 
seating—through beveled, poppet-type seats and discs. Solenoid pilot controlled 
and available with manual override, it is supplied in 1” size. This unit is suitable 
for 2500 P.S.I. differential pressure at 600°F, 


Like all other ASCO Solenoid Valves designed for nuclear reactor systems, 
this valve has passed the most rigid tests under faithfully duplicated working 


conditions. ASCO 4-way Solenoid Valves are now in use on nuclear submarines Automatic Switth C 

powered with water-cooled reactors. Uniformly reliable and maintenance-free, u omd ] l 0. 

ASCO 2, 3 and 4-way Valves are specified for primary and secondary systems of 52M Hanover Road, Florham Park, New Jersey 
nuclear reactors, as well as for instrumentation control. FRontier 7-4600 





Typical ASCO Solenoid Valves for submarines, military and commercial surface ships, and industrial power plants: 


Primary System Secondary System Instrumentation Control 


& © 


By-Pass 2-way 3-way 2-way 3-way 
Coolant Valve Valves Valves Valves Valves 

















Gamma Spectrometric Assay 
of Fission-Product Kr 


By H. W. ALTER 


Vallecitos Atomic Laboratory, General Electric Company 


Pleasanton, ‘aliforn 1a 


Gamma spectrometry has proved to 
be better than beta counting for Kr* 
short-cooled fuel 
The method is relatively free 


assay in irradiated 
samples. 
from interference by other fission-prod- 
uct gases and is rapid, precise and 
readily adaptable to routine assay. 
Assay of noble-gas fission products is 
an important indication of the integrity 
of nuclear-fuel and of the 
properties of the fuel. In principle, a 
volumetric determination of the total 


cladding 


fission gas would yield satisfactory re- 
sults, but in practice the requirements 
of high sensitivity and simplicity force 
the use of radioactive counting tech- 
thirty-three 
gas fission-product nuclides, only six 
radionuclides have half-lives >4 hr. 
The long half-life of Kr*® (10.3 yr), 
with attendant freedom from satura- 


niques. Of some noble- 


tion at extended exposures and con- 
tinued presence at long cooling times, 
makes it a logical choice for assay. In 
addition, its relatively high-energy 
gamma (0.52 Mev) makes it particu- 
larly suitable for gamma spectrometry 

Beta counting has been the conven- 
The 


method has high sensitivity and ade- 


tional method for Kr** assay.* 
quate precision under the proper condi- 
tions. The presence of other noble-gas 
beta activities will, however, yield high 
results with gross beta counting at cool- 
ing times less than 60-90 days. Thus 
5.27-day Xe! activity will still com- 
prise 65% of the Kr*® activity at 60 
days. Although some discrimination 
against Xe! is possible through the 
use of absorbers, a severe cooling-time 
limitation exists. This is a disadvan- 
tage in fuel-development 
where rapid data collection is desired. 

With NaK as coolant in capsule fuel 
experiments, another source of inter- 


programs 


ference is A*® produced by the (n,p) 
reaction in K*, pure 
beta emitter, having a 260-yr half-life 
and a 0.57-Mev beta. Thus, it cannot 
be distinguished from Kr*® by bet 
counting. In fact it was the A* diffi- 


Argon-39 is a 


* M. Reynolds, NucLeontcs 13, No. 5, 54 
(1955). R. B. Regier, Abstract No. ie 
Division of Analytical Chemistry, 133rd 
Meeting ACS (1958). 
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culty that prompted this study of Kr*® 
gamma counting. 

The 0.52-Mev Kr** gamma occurs 
in only 0.65% of the disintegrations. 
While gross gamma counting of a sam- 
ple of Kr** and A** would effectively 
discriminate against A**, gamma activi- 
ties from other noble-gas nuclides are 
dominant even at long cooling times, 
e.g., Xe!3l™) Xel33 and Xe!43™, 

Fortunately, the energy of the Kr* 
gamma is higher than any others pres- 
ent after 5-10 days. Together with 
absorbers that remove the large bulk of 
low-energy gammas and bremsstrahlen, 
gamma spectrometry offers a solution 
to the problem of Kr** assay at such 
short cooling times even in the presence 
of interfering nuclides. 


Spectrometer Setup 


An RCL 256-channel pulse-height 
analyzer was used in conjunction with 
solid sodium iodide crystal. 


For counting purposes, the Kr**® photo- 


a 3-in. 


peak was spread over 10-15 channels. 
Measurements could be made of the 
peak height from an automatic plot of 
the spectrum or by direct readout of all 


the channels involved. Activity ratios 


FIG. 1. Pyrex gas-counting cell used in 
Kr°® gamma spectrometry. Three cells 
were fabricated with volumes in the range 
53-66 cm*. Two stopcocks are provided 
for experimental purposes; only one is 
needed in routine use 
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oe Xe'55 Present 


from Gamm 


Kr®5 Atoms( 











13 
0 105 104 105 
Beto Counts/Sec 


FIG. 2. Comparison of beta and gamma 
counting of Kr*®, Good linearity shows 
suitability of gamma spectrometry. Point 
off the line is from sample containing 
significant quantities of Xe nuclides; it illus- 
strates error introduced in Kr*® beta count- 
ing by other noble gases while effect on 
gamma counting is negligible 


based on either peak height or readout 
were in good agreement. 

The gas-counting cell (Fig. 1) was 
placed on the end of the 3-in. crystal 
with 24 ,-in. lead absorbers when count- 
ing Kr®® samples containing Xe. No 
for the 
background in all the 


end shielding was provided 


crystal, and 


photopeak channels was 130-160 cpm. 


Calibration and Assay 


A sample of Kr* standardized by 
absolute beta counting* was placed 
successively in each of three counting 
ranging in volume from 55 to 


cells 
63 cm’. The relative gamma counts 
thus obtained were used for cell-geome- 
try correction factors. The sample was 
retained permanently in one of the cells 
as a relative standard. 

A counting efficiency of 12.3% was 
obtained for Kr** gammas. The limit 
of sensitivity was about 10'* Kr** atoms. 
Higher sensitivities are possible with 
different cell-crystal geometries. 

In routine assay, an aliquot portion 
of the unknown sample was counted 
The 
ratio of counts, together with the cell 
factor, 


followed by the standard sample. 


factor and aliquoting gave 
the atoms of Kr*® in the unknown. 

An assay of this type was made on a 
number of samples on which beta end- 
window counting had also been per- 


The 


results are given in Fig. 2. The ratio 


formed with another apparatus. 


of Kr** atoms per beta count per second 
shows an average deviation of 6% over 
a 100-fold range, well within the ex- 
pected experimental uncertainty. 


* We are indebted to Dr. Floyd Momyer 
of the University of California Radiation 
Laboratory for this standardization. 
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SHIELDING HAZARDS 
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e WITH THE OLDEST AND MOST EXPERIENCED DESIGNERS AND MANUFACTURERS OF SHIELDING 


tt Mell fem ii ieie) t- 





A ee TORRE: 


SECTION 





























Concentrated Area Wide Range Critical Level Zine Bromide Type 
viewing viewing shielding window 


FIRST in pesicn Anp oricin! 


HIGH DENSITY CONCRETE, 
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SHIELDED CONTAINERS, 
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FUME HOODS, 

RADIATION ABSORBERS, 


e 
X-RAY PROTECTION FOR 
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Manually or motor operated 
30 YEARS EXPERIENCE CONTRIBUTING TO THE FIELD OF RADIATION SHIELDING EXCLUSIVELY 
DESIGN STUDIES AND CONSTRUCTION HAS PLACED RAY PROOF CORP., IN THE FOREMOST POSITION 
COMMENDATIONS FROM THOSE WHOM WE HAVE SERVED IS OUR MOST SATISFYING REWARD 





WE BUILD OUR FUTURE ON PERFORMANCE TODAY 


Inquiries invited—write Special Services Depr. 


RAY PROOF CORPORATION RAY F 


STAMFORD, CONNECTICUT 
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FISSION PRODUCTS 
NOW AVAILABLE 


For the first time, kilocurie quantities of 
long-lived radioactive fission products 
are available for your development 
work, The new Fission Products Pilot 
Plant at Oak Ridge National Labora- 
tory makes it possible to distribute 
these isotopes at greatly-reduced prices: 


@ Cerium-144 

@ Cesium-137 

@ Promethium-147 
@ Strontium-90 

@ Technetium-99 


As the nation’s principal supplier of 
isotopes, the Laboratory offers more 
than 300 radioactive and stable isotope 
products. Requests are invited for in- 
formation concerning compounds for 
source fabrication. Oxides, fluorides, 
chlorides, and plate sources are avail- 
able. Whatever your needs, we are 
ready to help you. Write to: Isotopes 
Division, Oak Ridge National Labora- 
tory, P.O. Box X, Oak Ridge, Tennessee. 


ISOTOPES DIVISION 
Oak Ridge National Laboratory 


Operated by 
UNION CARBIDE CORPORATION 
for the 
U.S. ATOMIC ENERGY COMMISSION 


See the ORNL exhibit — 
BOOTH 209 
at the ATOMFAIR 
in Cleveland, April 6-10 
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Simple Liquid-Sample Changer 


By NATHAN B. FRUCHTER, Veterans Administration Hospital 


Long Beach, California 


LIQUID) SAMPLE 
CHANGER is adaptation of 
Tracerlab Automatic Planchet 
Changer SC-6. Turntable was 
raised, stop and jam switches re- 
located, latching arrangement 
reinforced. Sliding arm that 
formerly moved planchets now 
raises and lowers sample ele- 
vators 


AUTOMATIC 


Flag raised 
Flag low 


SAMPLE HOLDERS are locked in raised 
position by six-tooth wheel except when 
elevator engagement raises holder 
slightly and turns wheel to unlocked posi- 
tion. Raised flag on occupied sample 
holder moves Microswitch stop into acti- 
vation position when that holder reaches 
elevator. (Spring-loaded locks have re- 
cently replaced toothed wheels.) 








BEFORE MODIFICATION instru- 
ment has turntable holding plan- 
chets at rim. Sliding arm pushes 
sample into shielded detector 
housing, counting sequence oc- 
curs, printer records results, and 
turntable moves to put next 
sample in position 


LEAD-LOADED ELEVATOR rises and falls 
in response to cable that runs over wheel 
and back to sliding arm. Raised flag 
puts Microswitch stop in position to hit 
switch when loaded carrier reaches ele- 
vator, and closing of Microswitch starts 
automatic counting cycle. Simple device 
is both inexpensive and satisfactory. 
Basic program is unchanged 
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WESTINGHOUSE TESTING REACTOR 
; 


| 
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Core Designs Evaluated at WTR 


The Critical Experiment Station, part of the 
WTR facility, has been in use to evaluate the 
core design and to gather operating data for 
the Testing Reactor. CES is one of two WTR 
critical facilities now available to industry for 
low-level irradiations, for testing criticality, tem- 
perature coefficients and other core parameters. 
The WTR core support will be installed in April, 


and the reactor is scheduled to go critical in 
May. It will be available to industry and uni- 


versity laboratories shortly thereafter at an 
initial power level of 20-mw. Available services 
will include: high-flux irradiation space; high- 
temperature, high-pressure loop equipment; hot 
cells; critical experiment; gamma _ irradiation. 


For contract reservations and assistance in 
scheduling and planning nuclear materials tests 
write: Westinghouse Testing Reactor, P. O. Box 
1075, Pittsburgh 30, Pennsylvania. J-59009 


you can Be SURE...1F ITS Westi n house 


WATCH “WESTINGHOUSE LUCILLE BALL-DES! ARNAZ SHOWS" 
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Gaskets for Reactor-Plant Service 


Gasketed closures for sealing pri- 
mary-system components in pressur- 
ized-water reactors long repre- 
sented a potential area for improvement 
in plant-maintenance procedures and 
cost reduction. To date, limited use 
of gaskets has been made because of 
two uncertainties: (a) the allowable 
amount of leakage of primary-system 
water and (b) the expected amount of 
leakage of a particular style of gasket. 

To determine the expected leakage, 
the Bettis Plant of Westinghouse con- 
ducted a review of the literature and 
constructed a special the 
Crane Co.) to test gasketed closures 
at 600° F and 2,000 psia. In addition, 
some closures at Bettis were instru- 
mented to obtain actual leakage data. 
Following are some of the most signifi- 
cant results of the tests and survey. 


Threaded Joints 


The threaded-joint type of closure 
accounts for ~100 potential applica- 
tions in a small-size reactor plant 
small closures (up to 2 in. o.d.) such as 
manually capped valves and vents. It 
usually takes the form of a cap or plug 
threaded into or on a body with the 
gasket trapped between them. 

A gasket-leakage test program con- 
ducted with a representative closure of 
this type indicates that the most 
acceptable style of gasket is the hollow 


have 


loop (at 


stainless-steel O-ring. In a_prelimi- 
nary evaluation of six gasket styles 
(flat copper, flat nickel, stainless-steel 
O-ring, silicone O-ring, stainless-steel- 
wound asbestos and copper-jacketed 
asbestos) subjected to 2,000 psia and 
up to five thermal cycles from 150 to 
475° F, the stainless-steel O-ring had 
measured leak rates ranging from 
0.004 to 0.010 cm*/hr per inch of 
gasket diameter. The flat-copper leak 
rate varied between 0.001 and 0.014 
cem*/hr, and the balance of the gaskets 
leaked visibly. 

From these preliminary results it 
appeared desirable to subject the two 
most successful gaskets to 
temperature and more extensive ther- 
mal cycling (150-575° F for 4 hr). 
In addition to the hollow stainless-steel 
O-ring and flat copper gaskets, tests 
were conducted on copper-jacketed 
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a higher 


stainless-steel mesh, flat and profiled 
zirconium, flat asbestos, flat Teflon and 
profiled stainless-steel gaskets. 

The testing was discontinued after 
All of 
the gaskets exceeded 1 cm*/hr at some 
point during the test except one stain- 
less-steel O-ring and copper- 
jacketed stainless-steel mesh (see fig- 
Two of the O-rings leaked 
then resealed without 
The other two O-rings 
leakage 


completing 86 thermal cycles. 


one 


ure). 
visibly and 
maintenance. 
exhibited wide variation in 
rates (0.003-0.75 em*/hr per inch of 
gasket diameter) but did not have 
visible leaks. All of the copper-jack- 
eted stainless-steel-mesh gaskets had 
visible leaks at some point and required 
retorquing the cap to reduce the leak- 
age. Because of the O-ring’s ability 
to reseal itself, it is felt to be superior 
to the mesh-filled gasket. The flat- 
copper gasket was not suited to the 
575° F temperature—it leaked visibly 
even during the preliminary cycles. 
These tests demonstrated two dif- 
ficulties of the stainless-steel O-ring, 
r: (a) difficulty in withstanding 
repeated thermal cycling and (b) 
difficulty in achieving an initial seal. 
It is felt that the initial-seal problem 
could be improved by silver or Teflon 


howeve 


plating of the O-ring to compensate 
for gasket- or joint-surface imperfec- 
The tendency to leak after 30 
to 50 thermal cycles is a serious defect, 
in spite of its ability to reseal itself. 


tions. 


| 
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This problem could be improved by 
using a closure design that does not 
subject the gasket surface to a rotating 
action—when the threaded joint is 
assembled, the gasket surface is scored 
by the action of the cap or body against 
the gasket. 


Bolted-Flange Joint 


The bolted-flange joint is not limited 
to any particular size and ranges up to 
the reactor vessel-to-head joint. Typi- 
cal applications are in access openings 
to the pressurizer and steam generator 
or in large valves. The stainless-steel- 
wound-asbestos type gasket was found 
to be best 
The measured leakage of this 


for use in a bolted-flange 
joint. 
style gasket did not exceed 0.9 cm*/hr 
per inch of gasket diameter in five 
separate test series. This style gasket 
was unique in the bolted-flange test 
series in that thermal cycling did not 
have a 
effect. 
One bolted-flange-joint test series by 
Armour Research Foundation used five 


progressively deteriorating 


styles of commercially available gaskets 
(~6 in. o.d.), including stainless-steel- 
wound asbestos, hollow stainless-steel 

corrugated stainless steel, 
thin 
sheet. These gaskets 
tested in fixtures similar to a standard 
2,500-psi, 4-in., 
joint. The gaskets were subjected to 
steady-state conditions of 2,000 psi 


O-ring, 
Monel 


asbestos 


sheet and compressed- 


were 


tongue-and-groove 
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LEAKAGE RATES in threaded-joint gasket test vs. number of thermal cycles 
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Two Nuclear Equipment Department men, T. A. Kalogerson, Regional Sales Engineer, and D. F. Melton, Manager of 
Engineering, discuss with an architect a standard mechanical arm installation. 


‘*Hot’’ problems solved at less cost... 
by consulting General Mills early on nuclear handling equipment 


You may save time and money by talking with us in General Mills has been satisfying the remote 
the planning stages of your project. handling needs of government and industry since 

We can help you in the actual design of your the dawn of the nuclear age more than a decade ago. 
General Mills is first in remote handling equipment. 
Our New Book et furnishes you with more details. 
Write for your free copy today. Address: 


nuclear installation. In many cases, through early 
consultation, we haye been able to save our custom- 
ers time and money by supplying design information 


permitting the use of less costly standard manipulators. : = 
Nuclear Equipment Department 


Mechanical Division of General Mills 
419 North 5th Street 
Minneapolis 1, Minnesota 


Or, where special problems exist, we can completely 
custom design nuclear handling equipment for your 
specific needs. In either case, the right equipment 
will be provided—at the right time—so your facility 
will do the job for which it is intended. 

Our job is not completed with equipment de- See our exhibit at the ATOMFAIR. Public 
livery; engineers supervise installation, assist in op- Auditorium, Cleveland, Ohio, Booth No. 
erator training and offer continuing service. 229, from April 5 through 10. 


NUCLEAR EQUIPMENT DEPARTMENT MECHANICAL DIVISION 


MINNEAPOLIS, MINNESOTA 
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GLASS 








FOR TODAY ...AND TOMORROW 


®@ High Density Lead Glasses for Radia- 
tion Shielding Windows. 


Borosilicates for Electron Tubes. 


Silver Phosphate Glass for Radiation 
Dosimeters. 


Cerium Stabilized Glass for Atomic 
Signal Lights. 


Lead Phosphate Glasses for Cerenkov 
Counters. 


The Technical Glass to fill your needs. 








PENBERTHY 
INSTRUMENT CO. 


4301 SIXTH AVE SO. © SEATTLE 8, WASH. 























ENGINEERS AND PHYSICISTS 
needed at MARTIN 


If you’re an experienced man looking for an exciting career 
agg check the immediate openings which are listed 


Top jobs for top men are available in both engineering and su- 

pervisory capacities. We need high caliber men for creative 

and responsible work, and we'll pay top salaries to those who 

qualify. 

ELECTRONIC ENGINEERS Circuit Design + Systems + Inertial 
Guidance + Countermeasures * Digital Computers ° 
Test Equipment Design 


NUCLEAR ENGINEERS Heat Transfer-Fluid Flow Analysis * Re- 
actor Test & Evaluation * Controls Analysis & In- 
strumentation * Power Plant Systems Analysis * Sys- 
tems Optimization 

PHYSICISTS Magneto-Fluid Dynamics * Ionized Fluid & Plasma 
Physics * Shock & Detonation Wave Phenomena ° 
Rarefied Gas Phenomena + Upper Atmosphere 
Phenomena 


WRITE TODAY TO: William Spangler, Manager—Professional Employ- 
ment, Department N-4, The Martin Company, Baltimore 3, Maryland 
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NUCLEAR ENGINEERING 


This article starts on page 128 


and 600° F for 240 hr and then to 100 
| thermal cycles of from 150 to 375° F 
|in about 4 hr. With the exception of 
|the thin compressed-asbestos sheet, 
'which failed during the preliminary 
| thermal cycling, all the gaskets com- 
pleted the test. 

The O-ring had hot leakage rates of 
~0.04 em*/hr per inch of gasket di- 
ameter for the first 50 thermal cycles. 
For the last 50 thermal cycles, excessive 
| leakage (up to 3,780 em*/hr) occurred 
|sporadically following a 575-150° F 
| thermal shock. During the next few 
cycles, the O-ring leaked visibly until 
a later thermal shock caused it to reseal. 
At the end of 100 thermal cycles the 
O-ring leaked 2 cm*/hr cold and 0.03 
'em*/hr hot. When the device was 
|disassembled there was no visible 
| defect in the O-ring. 
| The corrugated stainless-steel and 
flat Monel-sheet gaskets behaved simi- 
larly. When the fluid temperatures 
were relatively constant, they ex- 
hibited leakages of 0.002—0.02 cm*/hr 
per inch of gasket diameter. Both of 
these gaskets leaked 30-50 em’/hr for 
at least a 15-min period in switching 
from hot to cold for the last 20 cycles. 

Two different manufacturer’s stain- 
less-steel-wound-asbestos gaskets were 
subjected to this entire test series. 
A 0.128-in.-thick gasket had the lowest, 
consistent, measured leakage: 0.002 
0.04 cm*/hr per inch of gasket diameter. 
There was no apparent change in its 


| 
| 
| 
y 


| 
| 
| 


leakage performance from the _ be- 
ginning to the end of the test. It was 
the only gasket having a visible leak 
during rapid temperature changes. 
This leak, however, was so small, of such 
short duration and so infrequent (11 
out of 100 cycles) that a quantitative 
measurement wasimpossible. A0.180- 
in.-thick gasket had an unsatisfactory 
leakage rate from the beginning. 

Four of the 0.128-in.-thick stainless- 
steel-wound-asbestos gaskets were 
tested simultaneously for ten thermal 
cycles in four of the test flanges 
previously used. Leakage measure- 
ments were made hot and cold during 
the Ist, 5th and 10th thermal cycle. 
Two of these gaskets, with 31,000-psi 
gasket loadings, had no measurable 
leakage. The other two gaskets had a 
loading of 28,000 psi and their leakage 
measurements averaged 0.01 cm*/hr. 

* * * 


This article is based on pp. 30-38 of Reac- 
tor and plant engineering, WAPD-BT-9 


(1958). 
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APDA Studies 
Fast-Breeder Improvements 


With the Enrico Fermi Fast Breeder 
(EFFBR) in the final stages of erec- 
tion, Atomic Power Development 
Associates (designer of EFFBR) is 
turning its attention to how it would 
design a second-generation fast breeder. 
This month (see p. 23) APDA hopes to 
complete a detailed design study for 
an improved large-scale [860-Mw(th)] | 
plant (to be called the Plutonium Fast 
Breeder Reactor). The PFBR will! 
take full advantage of APDA’s hind- 
sight on EFFBR and _ technological 
advances made since EFFBR started 
building. The resulting design im- 
provements together with the larger 
plant-size [EF FBR is only 300 Mw(th)] 
should give PFBR a chance to show 
what fast reactors can do economically. 
Preliminary estimates put the total 
cost of the 300-Mw(e) PFBR at $83 
million or $278/kw(e). 

The PFBR design will include the 
following major improvements: 

Core life. A new oxide fuel to- 
gether with a larger core will allow a 
‘ore life of two years with three months 
between unloading. The first EFFBR 
core has a life of only 14 weeks (1%| 
burnup) and a 2 week unloading cycle. | 

Fuel-loading equipment. The less 
frequent loading plus greater experi- 
fuel-handling mechanisms 
a much simpler fuel- 

The complicated off- 
set handling which at 
present is permanently installed in the 
replaced 


ence with 
will result in 
loading scheme. 
mechanism, 
reactor chamber, would be 
by a simpler mechanism that would be 
brought in only during unloading. 
Hydraulic hold-down. The smaller | 
volume fraction of Na in the core will | 
allow a hydraulic scheme for core hold- | 
down instead of the present mechanical | 
arrangement. 
Heat exchanger. A new Na-to-Na 
heat-exchanger configurs 
of the AEC’s high temperature de- 
velopment program) will be more 
reliable and cheaper to build. 
Radiation shield. 
that the radiation shield (6-12 in. of 
stainless-steel) that protects the reactor 
vessel can be eliminated. 
Shielding materials. A new high 
temperature neutron-shield material 
called serpentine), the use of iron 
a cheap high temperature 


Experience shows 


oxide as 





and a clearer under- 
standing of neutron streaming prob- | 


gamma shield, 


lems have 
in shielding concept. 
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3 An interlocking shutter permits the 
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the background noise is reduced to levels 
which permit efficiency up to 90% for 
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measurements. 


5 The sample chamber is shielded against 
external radiation by 2.5 cm. of lead. 


Write today for price and delivery 
information on the N612 Scintilla- 
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Where there’s no 
margin for error... - .— 


westronics 


RECORDING 
POTENTIOMETERS 


11” CHART 
AVAILABLE WITH 
ONE or TWO PENS 
RECORDING FULL SCALE 


FEATURING 


SMALL SIZE 
@ Only 60% the size of old 
line instruments 


@ Designed for standard 
relay rack mounting 


VERSATILITY 
@ Minimum span—1 MY 
@ Plug in range, MV or TC 


@ Chart drives, synchronous 
and/or selsyn, with large 
selection of speeds 


@ Marker pens, L and/or R 
@ Limit switches 
@ Transmitting slidewires 


Also available: One and two 
pen 5” recorders 


westronics, 


INCORPORATED 








)5 McCART STREET @ FORT WORTH, TEXAS 


REACTOR ROUNDTABLE 


A discussion place 


for new reactor ideas 


Flowable Solids Reactor 


By M. R. DUSBABEK 


The Fluor Corporation, Lid., Los Angeles, California 


The Flowable Solids Reactor resulted 
from an attempt to design a reactor 
that 
unclad fuel and at the same time avoids 
the problems that come with liquid 


system uses a cheap form of 


fuels. The figure shows a schematic 
diagram of the proposed reactor sys- 
tem. The reactor fuel, crushed, fused 
UOsz, is in the form of a dry, granular, 
flowable powder with an average parti- 
cle diameter of about 200 microns. 
The material flows by gravity down 
through vertical fuel channels spaced 
The bottom 
of each channel has an orifice that 
restricts the flow rate of the fuel to 
maintain a constant fuel density within 


in a graphite moderator. 


the core. (The process is somewhat 
analogous to the flow of sand in an hour 
glass). As it passes down through the 
core the fuel is heated internally by 
fission and falls out of the orifice at a 
temperature of about 2,000° F. 

The fuel typically 
3 in. in diameter would 
ceramic liners to prevent erosion of the 


channels are 
and have 


graphite by the fuel material. 
Primary System 


After it leaves the reactor core, the 
hot fuel material cascades over steam- 
generator tubes located in a chamber 
The 
are arranged horizontally on a triangu- 
lar pitch with the superheater tubes 
located at the top the 
bottom of the reactor boiler 
tubes in the middle and the preheater 
section at the The fuel 
material is cooled, primarily by radi- 
ant heat transfer, to about 700° F as 
it passes down through the steam 


directly beneath. steam tubes 


(closest to 


core), 


bottom. 


generator, is collected at the bottom, 
and recycled to the top of the reactor 
core by a mechanical conveyor. A 
distributor device spreads the fuel 
| material across the top of the reactor 
| core as it comes from the conveyor. 


Fuel distribttor 


Graphite moderator - 


Fuel channels 





Steam exit —= 
Superheater section ——.o= 


Condensate —~ 
return 








Boiler section 














Woter drum 


Conveyor 





FLOWABLE SOUDS REACTOR has UO, 
powder fuel that flows under gravity 
through graphite core, falls through 
heat-exchanger-tube array and is re- 
turned to core by mechanical conveyor 


The reactor system contains helium 
at 1 atmos pressure. A small amount 
of helium continuously passes through 
an elutriator which removes the fuel 
fines and fission gases. The fines are 
reconstituted by either a sintering or 
fusing operation and returned to the 
reactor. 

A structure of high temperature-fire 
brick and insulating brick encloses the 
reactor assembly and steam-generator 
tubes. This in turn is completely 
enclosed in a gas tight, water cooled 
steel container plus a gas-tight steel- 
shield. The latter 
containment shell for 
accidentally released fission products. 


lined _ biological 


serves as @a@ 


Because the reactor operates at low 
pressure and no phase change occurs if 
the reactor vessel is ruptured, con- 
tainment is not a major problem. 
Although the fuel passing through 
the heat exchanger has some delayed 
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neutron activity, if the boiler water is 
kept very pure, the radioactivity in the 
steam will be negligible. 

Because the temperature coefficient 
of reactivity is negative the reactor- 
load control can be automatic. Shim 
control ean be had by adding small 
quantities of highly enriched uranium 
in the fuel-reconstitution operation. 
Simply stopping and/or diverting the 
conveyor discharge would be the most 
rapid way to produce an emergency 
scram; safety rods or plates would be 
more convenient for normal shutdown. 

Studies of the best way to remove 
heat from the UO, powder after it has 
left the core ruled out the use of a 
fluidized bed because of the high cost 
and difficult maintenance involved in a 
large blower system and the large fuel 
inventory required. The blower would 
have to be absolutely leak tight, a 
serious problem. Dust would have to 
be completely removed from the re- 
eycled gas to prevent erosion of the 
blower blades. Calculations showed 
that the present much simpler scheme 
direct-heat exchange from the parti- 
cles to the steam tubes) was practical, 
although the steam-tube-surface area 
required is about 8-fold that required 
for a fluidized bed. However, the 
direct-exchange design uses less than 
10% of the fuel inventory required for 
the fluidized-bed steam generator. 


Fuel Cycle 


The initial reactor fuel charge is 
174 tons of UO. enriched to 0.98% in 
U*55, Since a large percentage of the 
fission products will be removed con- 
tinuously with the gas-elutriation sys- 
tem, an average conversion ratio of 
0.704 should be possible. Under these 
conditions, reactivity should allow a 
burnup of about 12,000 Mwd/ton. 
The fuel burnup is completely uniform 
because of the mixing in the steam 
generator after each pass through the 
cor 

At an average power level of 320 
\iw(th) and assuming full power 
operation for 290 days/yr, the initial 
fuel charge should be enough for about 
20 years of operation. This assumes 
that the plutonium (occurring in an 
equilibrium concentration of about 
0.5% by weight) will be retained (and 
converted, if necessary, to oxide) in 
the UO, fuel during the reconstitution 
process. The Pu is expected to have 
little effect on the physical performance 
of the fuel material. 

If this proves not to be so, the Pu 
could just as easily be separated and 
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ASSOCIATED NUCLEONICS 


in nucleon consultation 


EXPERIENCE 
and INGENUITY 
MAKE THE 
DIFFERENCE 


In the relatively new and uncharted nu 
clear field, perhaps more than in most 
industries, problems have more than 
one solution. Achieving the one that 
best answers your needs requires 
Broad General Engineering Experience 
to insure full understanding of both 
the problem and its related circum- 
stances; and Ingenuity in devising new 
methods, systems and equipment. Our 
design staff, approaches every problem 
with an understanding born of prac- 
tical knowledge. 


These are the things that “make the 
difference” in costs, elapsed time and 
precise, practical solutions. That’s why 
Associated Nucleonics can contribute 
best to your problems in nuclear Je- 
sign, theory, research and testing. 


For a test reaction—write or phone 


975 STEWART AVENUE, GARDEN CITY, N. Y. 


A Subsidiary of Stone & Webster Engineering Corporation 


Our association with Stone & Webster En- 
gineering Corporation provides the finest 
engineering capabilities and construction 
supervision anywhere! 
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NUCLEAR ENGINEERING 


: : : : This article starts on page 128 
The University of California announces 


The Fourth Annual Summer Program in sold during the reconstitution operation 
NUCLEAR TECHNOLOGY FOR INDUSTRY ser pereg. cea 


. erese »s] ses ‘ vo ic 
A series of three integrated programs for engineers, re- _ Present designs call for a mechanical 
lift system to carry the UO, from the 


searchers, government personnel, technical specialists, ex- bottom of the steam generator to the 


ecutives, and managers in industry top of the core. Although pneumatic 
e lift systems of several types, including 


4c NUCLEAR TECHNOLOGY STUDY PROGRAM the so-called “mass-lift’”’ system, are 


available, the problems introduced by 
June 22—August 28: Ten weeks of lectures and laboratory courses to 


‘ ae these systems (i.e., large, leak-tight gas 
train engineers in developing the full potential of radioisotopes for panichnssesctacegh eimahaning ei Gas 
eiianiil we compressors, dust-removal equipment 


and fuel attrition caused by the high 
RADIOLOGICAL RADIATION AND USE gas velocities) outweighed the advan- 


July 20-31: An intensive course in nuclear science, isotope applica- tage of smaller fuel inventory. 
tions, administrative and legal aspects of the atomic energy field Mechanical conveyors (such as the 


NUCLEAR TECHNOLOGY SURVEY Redler type) with the needed volume 
BERKELEY July 13-17 @ LOS ANGELES July 13-17 capacity (570 cfm) are available; how- 
A course for executives and managers to help them better under- ever, a conveyor with the needed 
stand the work of their technical personnel in the application of weight capacity (85 tons/min) has yet 
isotopes and radiation to industrial development. to be built. High-density materials 


FOR COMPLETE INFORMATION AND ENROLLMENT APPLICATION such as UO, are not commonly trans- 
«WRITE ported in large quantities. But con- 
veyor-equipment manufacturers feel 
Department 100 that a conveyor of this kind with 
Nuclear Energy Programs the necessary high degree of reliability, 
University Extension ; pan ee can be designed and built without 
University of California & a large development program. Such 
Berkeley 4, California — conveyors would be considerably more 
expensive than conventional ones. 
sea ans In the reactor plant the conveyor- 
drive would be located so that normal 














sunt maintenance is possible. Three con- 
announces an ELAPSED TIM = one veyors would likely be installed, two 


IME 
INDICAT ‘ , . 
= of which would deliver the required 


unusually versatile mage 85 tons/min; the third would be a 


DECADE SCALER spare. 


This new T/A Decade Scaler, with 
related accessories, offers many com- 
binations of preset time and predeter- 
mined counts, with total capability of : | . ; 
108 counts. Mode! DS-5B provides 5 oy. bs i tion in nuclear fuel costs seems a 
microsecond resolving time, while ety” a ee | necessary condition for competitive 
Model DS-5BA provides 1 microsec- are ——f : ‘ nuclear power. The homogeneous con- 
ond resolving time. In addition to op- ey fa ee! cept, in that it avoids all of the fuel- 
eration as conventional scalers or as SUPER-STABLE fabrication and some of the reprocess- 
counting components of analytical sys- — CHOICE OF 10 \ | ing charges that account for 80% of 
tems, they may be used with printing PREDETERMINED 
medical scanners or print-out timers. COUNTS 


Design Uncertainties 


Because capital costs will always be 
higher for nuclear plants than for 
conventional plants, a drastic reduc- 





heterogenous-reactor fuel costs, ap- 
pears to be a logical solution to this 
problem. However, previous reactors 
of this type (e.g., aqueous homo- 
geneous, liquid metal, fused salt) have 
AVAILABLE WITH ACCESSORIES IN run into difficulties with corrosion, fuel 
ration Pe say te ar arn stability, system pressure and fuel 
PT-2 or PT-3 Preset Timer, or CR-2 phase change. 
Count Register in a single cabinet The FSR, too, is faced with possible 
ot customer's option. difficulties. Three major areas of 
Write for Bulletin No. 166 uncertainty that must be investigated 
before the feasibility of the concept can 


ECHNICAL ASSOCIATES be established are: 


140 West Providencia Ave. * Burbank, Calif. * Behavior of the fuel material in the 
reactor system (Will it flow as in- 
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tended? How fast will the fuel parti- 
cles break up?) 
e Radiant-heat-transfer steam-genera- 
tor design 
® Mechanical fuel-transport feasibility 
Some evidence already exists on 
the first (and probably the most 
critical) of these problems.* Experi- 
ments show that (a) crushed, arc-fused 
UO, appears to be the most suitable 
fuel material, (b) the UO, attrition rate 
from thermal and physical shock is 
abcut 7.5% of the total inventory per 
month and (c) are-fused UO, will flow, 
with no tendency to stick or agglomer- 
ate, at temperatures above 2,000° F. 
Data for —65 +100 mesh, arc-fused | 
UO. suggest that the flow 
fairly independent of fines content (to | 
30% fines) and temperature up to the 
temperature at which flow ceases. 
The economics of the fuel cycle are 
quite sensitive to the rate of fuel- | 
particle-size degradation. Fuel-parti- | 
cle breakup will be caused by three | 





rate is 


mechanisms: 


| 


® Thermal shock 
* Physical shock 


* Radiation damage 


The first two mechanisms have been | 
experimentally measured to a limited | 
extent. The data indicate that these | 
two mechanisms will cause about 7.5% 
fines per month. Because the average 
exposure prior to reconstitution will be 
relatively low (~ 500 Mwd/ton), the 
breakup due to ‘radiation damage 
should be almost negligible, based on 
reported radiation-damage studies. 

Another question that comes up is 
what would happen to the reactor core 
if one of the fuel channels, for one 
reason or another, becomes plugged. | 
The temperature of the graphite 
surrounding the plugged channel would 
begin to increase at a rate of about 
1.5° F/see until the temperature was 
high enough to transfer the heat 
generated in the plugged channel to the 
fuel flowing in the adjacent channels. 
This equilibrium condition should be 
reached in about ten minutes. The 
plugged fuel channel, of course, will 
become a permanent fuel element and 
will ultimately reduce the thermal | 
capacity of the reactor by about 0.4 %. | 

Also if a channel were to become 
plugged (due perhaps to an obstruction 
in the orifice), the resulting fused plug 
will have a higher density causing a| 
local increase in reactivity. The core, 


*R. C. 
of the Flowable 
(January 1958). 
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Oliver et al, System evaluation 
Solids Reactor, FLR-1 


Norton Products 
for 
Nuclear Progress 


In reactor development... nuclear 
energy projects ... wherever nuclear 
problems exist, Norton products are 
aiding efficiency, safety, progress. 

Ceramic fuel pellets of UOe and 
various dispersions . . . borides for 
control and neutron shielding, in- 
cluding the lightweight, highly- 
stable NORBIDE* {B4C) . . . high- 
purity oxide refractory containers 
for development and _ processing, 
such as MAGNORITE* (MgO), ALUN- 
DUM* (AloO3), and Stabilized Zir- 
conium Oxide . . . metallic oxides, 
silicates, and carbides for protection 
and insulation, including ROKIDE* 
Spray Coatings, and many more. 

In addition, Norton Company 
offers the assistance of an engineer- 


Control and Shield Materials 
Metallurgical Processing Refractories 
Ceramic Fuel Pellets 

Source and Intermediate Materials 
Refractory Supports 

Ceramic Protective Spray Coatings 
other vital components and materials 


ing staff experienced in the develop- 
ment of refractory compounds for 
nuclear use. Take advantage of this 
complete nuclear engineering ‘‘pack- 
age.” Write for complete details. 
And ask for catalog ‘‘Norton Prod- 
ucts for the Atomic Program.” 
NORTON COMPANY, 653 New Bond 
Street, Worcester 6, Massachusetts. 
*Trade-Marks Reg. U.S. Pat. Off. and Foreign Countries 


NORTON 


REFRACTORIES 
Engineered... R ... Prescribed 


Making better products...to make your products better 


NORTON PRODUCTS Abrasives + Grinding Wheels + Grinding Machines « Refractories « Electrochemicals 
BEHR-MANNING DIVISION Coated Abrasives » Sharpening Stones » Pressure-Sensitive Tapes 
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This article starts on page 128 


however, is large compared to the 
slowing-down length so that the over- 
all reactivity should not be seriously 
affected. 

Thermal expansion of the fuel 
material itself is not likely to cause 
plugging because of the thermal inertia 
of the system and the rapid flow of the 
fuel material. Also the “flow” density 
of a solid is slightly less than the 
““noured”’ density. 


Economics 


The total estimated installed cost 
for a 100 Mw/(e) Flowable Solids 
Reactor, including contingency and 
fee, is $22,260,000. For an 80% load 
factor and 15% fixed charges, the 
energy cost attributable to capital 
charges is 4.77 mills/kwh. 

The fuel cost is computed under the 
following assumptions: 

*The initial fuel charge is leased 
from the AEC at 4% per year. 

® At the end of twenty years, the fuel 
is reprocessed at $15/kg. 

* Recovered plutonium is valued at 
$12/gm. 

® Initial fuel preparation charges are 
$2/lb or $700,000 total with sinking 
fund charges of 7.4% per year. Fuel 
reconstitution charges are covered 
under operation and maintenance. 

The total energy cost may be 

| summarized: 
FultroMatic Combines Controller, Positioner, Valve | mills/kwh 
| Capital 4.77 
..-Gives Precise Control of Temperature or Pressure | Fuel inventory 0.72 
Fuel burn-up 0.37 
Now, this lab-tested, field-proved FultroMatic answers Preece of initial fuel 
today’s precise control requirements with multiple features | preparation charges 0.07 
never before available in one unit... at about half the cost 
of two- and three-unit systems! 





Operation and maintenance 1.00 
Total 6.93 

Improved accuracy with smaller, faster-responding element. 

Positive valve positioning by feedback action; no overshoot. ie 

Adjustable proportional band easily changed on the job. 

* : P —_* . | The experimental work referenced here was 
Simplified settings with knob, indicator, arbitrary scale. | performed under Contract AT (04-3)-131 with 
Field reversibility: control action quickly changeable. the AEC. 
Easy to install: place valve in position, mount bulb, connect air. | 
Low maintenance: rugged design for trouble-free service. 

FOR COMPLETE FULTROMATIC SPECIFICATIONS, Reprints Available 
WRITE FOR BULLETIN GV-755 Critical Facilities 
in Nuclear Technology 
(Special Report Dec. '58 issue) 


© Kobortshaw- Pulte a 


ne NUCLEONICS 
330 W. 42nd St., New York, N.Y. 


FULTON SYLPHON DIVISION « Knoxville 1, Tennessee | 
136 April, 1959 - NUCLEONICS 




















FIG. 1. 


calcined peroxide cake, (C) UO;-monohydrate. 
structure obtained with reduction processes. 
(Magnifications are ~250 X) 


by fusion. 


UO, particles formed by reduction of (A) calcined ammonium nitrate, (B) 


Particles show characteristic porous 
D shows very dense particles produced 


An Evaluation of UO, Dispersions 


By E.N. MAZZA and W. R. WEINBERGER 


Sylvania-Corning Nuclear Corp., 


The increased use of uranium oxides 
in dispersion-type fuel elements has re- 
sulted from the increased demands for 
fuel materials capable of high-tempera- 
ture operation and uigh burnup.* 

Uranium-metal and -alloy fuel ele- 
ments are limited to operating tem- 
peratures below the phase-transforma- 
tion temperature of ~660° C. Other 
limiting factors are the dimensional in- 
stability resulting from radiation dam- 
age and thermal cycling, low corrosion 
resistance to water and the limitations 
placed upon the type of clad materials 
, Stainless steel and uranium react 
to form a low-melting eutectic phase). 

The most common dispersion fuel is 


e.g. 


* Irradiation data have been obtained 
it Oak Ridge and Battelle for roll-clad 
stainless-steel-dispersion fuel plates. The 
ORNL — (type 304 matrix, type 304 L 
clad, 18 wt % UOs:, 5-20-5-mil clad-core-clad 
thickness) were taken to 2.1% of total 
atoms burnup at 190° F surface temperature 
and 6.0 X 10!3 ne,/em?/sec flux without 
failures. No failures were experienced with 
BMI plates (elemental-powder matrix— 
73% Fe, 18% Cr, 9% Ni—type 347 clad, 
30 wt% UO:, 4-12-4-mil plates) taken to 
2.6 atom % burnup at 650° F and 7.0 x 101% 
flux. (J. E. Cunningham, R. J. Beaver, 
paper 1925, 2nd United Nations Conference 
on the Peaceful Uses of Atomic Energy.) 
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Bayside, 


New York 


uranium dioxide (UO) in an aluminum | 


A stainless- 
in the 


or stainless-steel matrix. 
steel dispersion is being used 
Army Package Power Reactor and an 
aluminum dispersion in the Geneva 
(1955) swimming-pool reactor. 


UO, Preparation 


suitable for fuels 
can be produced by various methods: 
reduction of calcined uranyl nitrate, 
calcined ammonium diuranate, calcined 
cake and UO.-monohydrate 


Uranium dioxide 


peroxide 


(forming what is commonly known as | 


Geneva Oxide); and steam oxidation of 
uranium metal or hydride. 

Each method of UO: preparation re- 
sults in a characteristic particle shape 
(Fig. 1). 
lesser extent than other oxides in an 
aluminum matrix. 

Fusion of UO. at 2,600°-2,800° C 
yields very dense particles (Fig. 1). 
This technique, however, is not as yet 


Geneva oxide reacts to a 


feasible as a production method because | appress 


of UO, losses caused by its high vapor 
pressure. 
In general, UO; particles used in dis- 


| The emphasis throughout 
phenomena. 


| ceramics, 


| VACUUM METALLURGY 


| vacuum melting techniques; 
| the metallurgical applications of vacuum processing to 


| temperature alloys. 


| C) INSTRUMENTS FOR 


|SAVE MONEY: 


| () SEMICONDUCTORS edited by N. Bruce Hannay. An 


unrivaled, indispensable reference on the physical chem- 
istry and fundamental physics of semiconductors, with 
detailed analyses of important semiconducting materials 
is on basic principles and 


ACS Monograph, 1959, $15.00 


C) EFFECTS OF RADIATION ON MATERIALS by 
Harwood, Hausner, Morse and Rauch. A truly significant 
book that describes the changes produced in metals, 
plastics and a wide variety of other materials 


during radiation. This volume compiles the papers de- 


| livered at the radiation effects colloquium jointly spon- 


sored by the Office of Naval Research and The Martin 
Co., at Johns Hopkins University in March, 1957 
1958, $10 50 


edited by R.F. Bunshah. 
entire field of vacuum 
measurement of vacuum; 
degassing of metals; and 


Encompasses virtually the 
metallurgy—production and 


castings, and high 
1958, $12.50 


powdered and electronic materials, 


() DANGEROUS PROPERTIES OF INDUSTRIAL MA- 
TERIALS by N. Irving Sox, ef al. This monumental volume 
is the eagerly awaited successor to Sax's “Handbook of 
Dangerous Materials.’ The work now provides a quick 


| single SAFETY reference for those involved in the manvu- 


facture, use, handling, storing or shipping of hazardous 
materials. The scope is encyclopedic, the information vital; 
and the authorship thoroughly dependable. 1957, $22.50 


() AUTOMATIC CONTROL: Principle and Practice 
by Werner G. Holzbock. This much-needed guide offers 
the practical results of scientific research on control 
systems in nonmathematical terms. Throughout, the aim 
is to allow the reader to derive direct benefits by un- 
derstanding the design and applicetion of control sys 
tems for automatic processes. 1958, $7.50 


MEASUREMENT AND CON- 
TROL by Werner G. Holzbock. Describes and illustrates 
all recent devices for measuring and controlling tempera- 
ture, moisture, pressure, flow, uniformity, etc. Discusses 
the design, construction and operation and comparison 
factors to consider in choosing the proper instrument for o 
particular job. 1955, $10.00 


| () ENCYCLOPEDIA OF CHEMISTRY edited by Clark 


and Hawley. The first complete, multi-author, one-volume 
reference covering a broad spectrum of chemically im- 
portant subjects. Over 800 articles, 500 contributors, and 
1,000 pages of remarkably condensed, authoritative infor- 
mation on modern chemistry from Abrasives through Zir 
conium. No other single volume offers so much to all 
workers in chemistry and in the dozen of more sciences 
that border on it. 1957, $19.50 


C] THE DESIGN OF PHYSICS RESEARCH LABORATORIES 
trom a symposium of the Institute of Physics (London). 
Includes the architect's role, problems in plonning, recent 
American design trends, services and facilities os seen 
by users and lab maintenance engineer, and research 
in the design of labs. Photographs. 1959, $4.50 
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thermocouple 
problems 


limited space 


temperature ZZ 


pressure 


L 
© SERVRITE 


Premium Sheathed Thermocouples 


(.020° to .500" O.D.) 


Problems of space limitation, 
temperature, or pressure are solved 
with Serv-RITE premium sheathed 
thermocouple wire. For maximum 
sensitivity, accuracy and quick re- 
sponse, Serv-Rite will furnish the 
best service for your dollar. 

Featuring hard-pack insulation 
with heavy wall construction, 
Serv-Rite is fully flexible and can 
be bent to suit requirements. In 
addition to a choice of junction 
tips, fittings and connectors, 
Serv-RITE premium sheathed wire 
is available in a wide range of 
sheath materials, bright annealed. 
Standard and special thermocou- 
ples are made to suit any need. 

All wires used in Serv-RITE 
premium sheathed thermocouple 
wire are selected and matched to 
conform to “Special” limits of 
error as set forth by I.S.A. Recom- 
mended Practice, R.P. 1.3. This 
wire meets the strictest over-all 
specifications. 


Ask for 
BULLETIN 1200-4 


for complete details, 
ordering data, and 
prices on SERV-RITE 
premium sheathed 
thermocouple wires 
and accessories. 








Serv-Rite premium sheathed thermocouple wire is 
manufactured exclusively by Pyro Electric Company. 


CLAUD S. GORDON CO. 


1gineers @ Distributors 


619 West 30th Street, Chicago 16, Illinois 
2015 Hamilton Ave., Cleveland 14, Ohio 
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| TABLE 1—Experimental Powder Mixes 


U0, 


mesh size 


Miz 
No. 


347-stainless 
mesh size 


-140 + 325 
— 325 
140 + 325 


325 


—100 + 325 
100 + 325 
— 295 


dL0 


— 325 — 





| size is an important factor in radiation 


damage. 

A granulation (coarsening or agglom- 
erating) process is the best means of 
meeting these requirements. This 
process is also useful in production 
runs, since oxide particles can be re- 
cycled indefinitely, thus avoiding scrap 
losses due to undersize material. 


Fuel-Element Fabrication 


While dispersion-type fuel elements 
can be fabricated as tubes, rods, wires 
and other more complex shapes, plate- 
type elements are the most common 
current form 

The steps involved in making plate- 
shaped elements are compacting UO;- 
metal powder mixtures into rectangular 
cores, assembling into conventional! 
picture frames and fabricating the as- 
sembled unit by hot-rolling to densify 
the core and bond the cover plates to 
the core and picture frame. Finally, 
cold rolling is employed to meet dimen- 
sional specifications and improve sur- 
face condition. 

Studies of core materials for plate- 
type elements have been conducted to 
determine the effects of such variables 
as UO, particle size, matrix particle 
size, compacting pressures and sinter- 
ing. Early work indicated that radio- 
graphic of as-compacted 
cores, prior to element fabrication, is an 
for determining 


evaluation 
technique 


homogeneity of a finished plate. 
Particle size. Combinations of vari- 


FIG. 2. 


Table 1—A is mix 2; B is mix 4; C is mix 1; D is mix 3). 
Thus, — 325 mesh matrix powder is recommended 


B and D show excellent distribution. 


ous UO, and stainless-steel 
particles yield compacts with UO; dis- 
tributions ranging from poor to good. 
To resolve this phenomenon, four mix- 
tures of various particle sizes were pre- 
pared (Table 1) containing 26 wt% 
UO». 

Two compacts from each of the four 
mixes were pressed at 50 tons/in.? All 
of the compacts were then radiographed. 
Typical radiographs are shown in Fig. 2. 
Compacts produced from mixes Nos. | 
and 2 appear to be badly segregated, 
while mixes Nos. 3 and 4 exhibit excel- 
lent distribution. Similar results were 
obtained with mixtures containing 18 
23 and 30 wt% UOz in stainless steel. 
An investigation of aluminum powder 
and up to 70 wt % UO, yielded identical 
results. Consequently, for the best 
distribution, it is essential to employ a 
metallic matrix material of —325 mesh 


sizes of 


particle size. 

Evaluation of these particle sizes was 
continued throughout the fabrication 
processes to a finished plate. No ap- 
preciable effect due to any subsequent 
fabrication noted. It 
might be mentioned, however, that as 
UO, particle size increased, a tendency 
and 


process was 


toward particle fragmentation 
stringering increased during cold-roll- 
This can be noted in Fig. 3. 


Variations 


ing. 

Compacting pressure. 
in compacting pressures on the unsin- 
tered core were also investigated. The 
core material consisted of blended, as- 
received type 304 stainless-steel powder 
and 18 wt% 80-mesh, steam-oxidized 
UO>. 
at 33, 50 and 65 tons/in? and then 
evaluated for density and for modulus 
The results are shown in 


Sample cores were compacted 


of rupture. 
Table 2. 
The samples pressed at 33 tons/in® 
were powdery on the edges and tended 
to crumble on being handled. Com- 
pacts pressed at 50 tons/in? could be 
handled in the as-pressed condition 
without damage. As evidenced in 
Table 2, samples compacted at 65 tons 
in? had extremely high strength prop- 


erties. Based on these results, it was 


Radiographs of compacted UO>-stainless mixes (mixes are those listed in 


A and C show segregation; 
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TABLE 2 ee Pressure Effect 


Density 
(gm/em?) 


Pressure 


Modulus of 
tons /in?) rupture (lb/in?) 
1,250 
1,825 
3,050 





felt that 50 tons/in® provides adequate 
strength. A compacting pressure of 
65 tons/in? was considered impractical 
in view of the shortened die-life 
expectancy. 

Since aluminum powders have excel- 
lent compacting characteristics and re- 
sultant high green strengths, an investi- 
gation of the effects of compacting 
pressures on an aluminum matrix was 
not necessary. Compacting pressures 
of 20-30 tons/in? were used to yield 
compacts having densities of 85-95% 
of theoretical, dependent upon the 
quantity of UOs. 

Sintering. A study was made to 
determine if sintering the cores to high 
density improved the properties of 
fabricability of stainless-steel fuel 
Sintering of aluminum fuel 
plates was not deemed feasible. 

Six compacts of stainless steel and 
18 wt% UOs were compacted at 50 
tons/in.? These compacts had a green 
density of 80-85% of theoretical. 
Three of them were sintered at 1,350° C 
for 16 hr in a dry-hydrogen atmosphere 
and three were left in the as-compacted 
The as-sintered densities were 
all 95% of theoretical. All six cores 
were inserted into picture frames and 
hot- and cold-rolled to finished size. 

No difference between the fabrication 
characteristics of the as-compacted or 
as-sintered cores was noted. Also, 
metallographic examination revealed 


plates. 


state. 


-—o- uh 
ees SO —- - 
ra say _- a 


a ees ET 
oe | 


so 
—— 


FIG. 3. Microsections (~50 X magnifi- 
cation) of cold-rolled, 0.030-in.-thick 
UO>-stainless plate. A _ (longitudinal 
section) and B (transverse section) are of 
plate having as-pressed core of 25 
wt% —325 mesh granulated UO,» in 
—325 mesh type 347 stainless matrix. 
C (longitudinal section) and D (trans- 
verse section) are of plate having as- 
pressed core of 25 wt% —140 + 325 
mesh granulated UO» in —325 mesh 
type 347 stainless 


no structural difference between the 
fabricated cores. It was, therefore, 
concluded that sintering is not necessary. 
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Nitrogen—Feasible Cover Gas 


Inert rare gases are used to blanket liquid metals, e.g., 
unfamiliarity with less expensive gases. 


sodium, because of 
The principal concern in the case of 


nitrogen is its possible dissolution in sodium and resultant attack on containment 


materials. 


C. H. Lemke and W. C. Sharples (E. I. du Pont de Nemours & Co., 
Niagara Falls) report that nitrogen is insoluble at 100° ¢ 


’ 


and l-atm. pressure. 


The analytical procedure had a sensitivity of 5 ppm nitrogen in liquid sodium. 
It consisted of bubbling argon through sodium at 100°-150° C for 3 hr and passing 
the argon over titanium sponge at 750°-800° C to absorb any nitrogen removed 


from the sodium. 


The possibility of nitrides being in commercial sodium was also checked. A 


modified Kjeldahl procedure, having a sensitivity of 


nitrides exceeding this limit. 
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FINALLY 
** “sae LIGHT 


The weighty 
light collection have puzzled 
Now we 


problems of 


us for some time. 
are pleased to announce the 
development and availability 
of compacted powder reflec- 
tors for our Plastic Phosphor 
NE102. These new 
tors provide a light diffusion 


reflec- 


efficiency equivalent to MgO 
powder, but form an adher- 
ent coating without resinous 
binder. The light collection 
efficiency of our plastic phos- 
phors is thus greatly enhanced 
over that provided by painted 
reflectors. 


Our Scintillation Phosphors 


include: 


¢ Plastic Phosphor NE102 as 
cylinders, slabs and well- 
type units with compacted 


reflectors. 


¢ Spiral Plastic Capillary Flow 
Counter for alpha and beta 
detection in aqueous solu- 


tions. 
e Fast neutron detector NE404. 


e Thermal Neutron Detectors 


NE400 and NE401 with 
enriched B” 


® Loaded Scintillators 
containing Cd, Gd, Pb, 
Sm, B and _ Scintillating 


Gels 


Liquid 


@ Scintillation Chemicals. 
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Irradiating Sewage Might Improve Bacterial Nutrients 


In two recent Applied Radiation 
columns we have discussed problems 
and prospects of sewage irradiation. 
In the first (NU, July ’58, p. 106) we 
pointed out that the net conclusion to 
be drawn from many studies appears 
to be that irradiation holds out many 
prospects but so far it is too expensive. 
In the second (NU, Oct. ’58, p. 116) a 
letter from Carlos Bell of Northwestern 
University suggested (1) using heat 
to dry sterilize 


radiation and 
sewage sludge 
conventionally treated sewage in an 


attempt to improve the microorgan- 


and 


and (2) irradiating 


isms by genetic mutation. 

The two previous items have inspired 
the following further comment from 
Eric B. Fowler, Chief Chemist-Bacteri- 
ologist, H-7, at Los Alamos. His ex- 
periments discourage the feeling that 
one can expect beneficial mutations. 
But he suggests that radiation might 
be used to improve the food supply of 
and 


His 


microorganisms already present 
thereby improve their 


letter follows verbatim: 


action. 


We have read Carlos Bell’s letter 
in the October NUCLEONICS with inter- 
est. Thoughts on beneficial uses of 
radioactive waste products are always 
welcome; the article should surely 
stimulate interest these 
The following comments are meant as 
additional thoughts that may be of 
some value rather 
criticism of Bell’s stimulating article. 


along lines. 


than as adverse 

It is our feeling that the place of 
radiation in sewage treatment is more 
probably to alter the available food 
supply rather than to alter the micro- 
organic population. 


Organisms Need Food 


Investigations that we have con- 
ducted under disposal-plant conditions 
indicate that the controlling factor in 
disposal is not lack of an active popu- 
lation but lack of a readily available 
food supply for organisms that already 
exist. Chromatographic technique 
demonstrates the absence of an ex- 
pected high concentration of readily 
available nutrients in normal sewage. 
Only one amino acid, identified as 
lyeine, and an unknown carbohydrate 


140 


are found to be consistently present. 


Apparently the microorganic popu- 
lation in sewage is such that nutrients 
are metabolized as rapidly as they 
become available; this process appears 
to be slow, and it limits the population. 
A populauon shift is noted on intro- 
duction of more nearly anaerobic or 
aerobic conditions. However, chro- 
matographic techniques do not demon- 
strate a change in amino acid or 
carbohydrate content of the sewage, 
again indicating that the poulation is 
fully metabolizing the readily available 
food supply. In in vitro laboratory 
experiments addition of crude molasses 
enhances disposal rates as shown by an 
increased population and a more rapid 
biochemical 


reduction in oxygen 


demand. 


Genetic Mutation 


“highly mutating 


Bell 


gamma source” to produce organisms 


Suggests a 


more efficient in the disposal of sewage. 
Here at Los Alamos we have investi- 
gated, in a preliminary way, the effects 
of gamma and neutron irradiation from 
the ‘‘ water boiler”’ reactor on activated 
levels 
studied. 


sludge. Several energy and 


have been 


simplification of the 


exposure times 
In general, a 
bacterial population accompanies in- 
creasing dose rates or increasing ex- 


posure times. There is no evidence 


of a mutant replacing the normal 


population. However, it should be 
pointed out that isolation and identi- 
fication of mutants as such were not a 
part of the investigation. 

One observation worthy of note is 
concerned with the disintegration of a 
normal sludge when certain exposure 
rates are used. Such sludge, returned 
aseptically to the activation column, 
gradually disperses and will not agglom- 
erate even though a viable population 
is present. 
sewage is 
Radi- 
ation does not produce new enzymes; 
rather it tends to destroy some enzymes 
that are already present in the cell. 
The possibility of producing a ‘‘super 
organism”’ with the required enhanced 
enzymatic make-up through irradiation 


Biological disposal of 


an enzyme-dependent reaction. 


of a population seems questionable. 

The literature is replete with exam- 
ples of mutations obtained by irradia- 
tion of a Tatum 
Beadle have shown the possibility of 


population. and 
“producing” an organism with certain 
enzymatic characteristics.* However, 
these mutants are not 
Rather they lack some ability 


“super organ- 
isms.” 
possessed by the parent. Instances of 
“super organisms’”’ are 
literature. 


production of 
noticeably lacking in the 
One does not expect them since damage 
to any link in an enzymatic chain is 
expected to produce an organism less 
able to obtain food from its environ- 
ment than its progenitor. The possi- 
bility of a 
ruled out; it merely becomes very re- 


“super organism” is not 


mote indeed. 


Providing Food 


In view of the above results one can 
profitably speculate on the use of high- 
energy gamma or neutron radiation on 
sewage to break bonds in complex 
protein or carbohydrate molecules 
prior to sludge activation, thus re- 
leasing food for other bacterial popu- 
lations in normal untreated sewage. 
This food 
available to metabolism by the enzyme 
complexes of the latter bacterial 
Results obtained by ir- 
sludge at the 


would be more readily 


population. 
radiation of sewage 
water-boiler reactor may be informa- 
this 
analysis of 


tive in respect. A  chromato- 


graphic sewage sludge, 
irradiated but not sterilized, demon- 
strates an increase in ninhydrin-positive 
these would be peptides 
or amino acids. A Warburg gas-ex- 
change analysis of the treated sludge 
shows increased oxygen uptake and 
carbon Plate 


counts on the treated sludge often show 


components; 


dioxide evolution. 
no growth, indicating that the organ- 
isms can metabolize but have lost their 
ability to reproduce. Increased con- 
centration of readily available nutrients 
could result in increased oxygen uptake. 


*G. W. Beadle, Am. Scientist 34, 31 
(1946); E. F. Gale in “‘ Bacterial Physiology,”’ 
p. 458, C. H. Werkman, P. W. Wilson, eds. 
(Academic Press, New York, 1951); G. W. 
Beadle, E. L. Tatum, Proc. Natl. Acad. Sci. 
U. 8. 27, 499 (1941). 
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Powerful 
low-cost 


NEUTRON 
SOURCE 





THE MODEL 400,000-VOLT 


® 
a ; Van de Graaff 
r°’’ Traces Oxygen /| 
in Metal Honeycomb Nz $ (0) POSITIVE-ION 
Metal honeycombs brazed to skin ACCELERATOR 
surfaces make light, strong panels for 


iircraft construction. But the brazing ee e yields 10” neutrons per second in continuous 
isn’t easy. It must take place in an operation with new tritium target (D-T reaction). 


atmosphere in which oxygen is reduced 


accomplished by evacuating the braz- * ee 
ing retort, filling with argon, evacu- is a feature of the Model PN-400 positive-ion 


ating again and so on. About 8 accelerator. 


yurge cycles are normally used. On . , . 
er ‘ 4 ict ‘he gs Desens Versatile, low-cost, and safe in operation, the Model 
evacuation, i > CeUS 5 ° ° ° . 

PN-400 is especially useful in teaching nuclear 
physics and reactor engineering. 


to 10-100 ppm. Oxygen removal is ’ : . 2 
High output, in pulsed and continuous operation, 


out through 5-mil holes in cell walls. | 
How can you tell whether oxygen has | 
been effectively removed? 

Donald Wright and Kennedy Wilson | 
use Kr*® for this determination at} 
Boeing Airplane Co. in Seattle. They | 
use a simulated retort made of rein- | 


Useful applications include: studies of neutron scat- 
tering, neutron-induced nuclear reactions, tran- 
sient and steady-state effects in subcritical reactor 
assemblies, radiation damage, activation analysis, 

forced Fiberglas, a honeycomb covered and biological effects of neutrons. 

with Mylar and a scintillation counter 


to detect 0.67-Mev betas from the Advantages 
krypton. The figure shows their setup. : 

High output 
400,000 volts; continuous 
beam current controllable 
from 10 to 150 ya; pulsed 
current, 100 ya. 


On top is a l-in. piece of Lucite with 
holes for the scintillation counters. 

The procedure is to admit 10 me of 
Kr*® to the retort and allow it to mix 
thoroughly with the gases there. The| 
observed counting rate is taken to} Small size 
represent normal oxygen concentra- 111 inches overall, including 
tion, 210,000 ppm. Counting after | 48-inch tube extension. 
successive purges indicates that oxygen | 
is likely to be retained in the center of | 


Safety 
Entire high-potential system 


the panel and removed only slowly. 
enclosed; target at ground. 


| 

Kr*® appears to be the best of three 
usable gaseous tracers. Others con- | Proved design Bulletin PN 

sidered were tritium and Xe'*, Ad-} 5 : gives details of performance. 
Based on 12 years experience Shien ene 


vantages of Kr** are its 9.4-yr half-| in building Van de Graaff Technical Sales Department 
life, its 0.67-Mev beta and its chemical | particle accelerators. for your copy. 

inertness that makes it biologically 
safe NU, March ’57, p. 66). Its 
molecular weight of 85 is not very close HIGH VOLTAGE ENGINEERING 
to the 32 of oxygen, but it is near aa: egg 


enough for these purposes. An out- =lUl-leltichaelt 





standing disadvantage is that krypton 
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cannot represent the adsorption that 
may occur on cell walls. Wright and 
Wilson are exploring this by other 
means. 

Kr®* is expected to remain useful in 


further experiments that will use the 
actual metal retorts used in brazing. 
Betas cannot escape to counters on the 
outside. but Kr* a 0.54-Mev 
photon in 0.65% of its disintegrations. 
will 
recognition of this photon above the 
existing background. 


has 


Greater concentrations enable 





Red-purple 
Corex’ filter 


H-100 


a 
| | 7 
Sola regulating lomp 


transformer 


1P2I 
Filter 
Polished light pipe, 4 \.d 


Bakelite plaque 


\___ Luminescent wofer 


‘lem No. 5860 filter 
Light screen 





uses filter to separate exciting ultraviolet and fluorescent light. 


Phototube filters, top 


to bottom, are: Corning Nos. 5113, 4 mm (blue); 3387, 6 mm; 3389, 3 mm; Baird 
Nos. 7-3233-4, 4380-A bandpass (interference) 


High-Level Dosimetry by 
Luminescence Degradation 


By FRANK H. ATTIX 


U.S. 


~10% for 
10° rads 
has been developed in this laboratory. 


A dosimeter accurate to 
dose ranges of 5 XK 10°-5 


It consists of two penny-sized wafers of 
anthracene and p-quaterphenyl. One 
reads the wafers before and after irradi- 
ation with a fluorimeter that 
with 3,650-A ultraviolet and measures 
the resulting fluorescence at 4,420 A 
a photomultiplier. Dose-rate 


excites 


with 
effects are negligible, at least in the 
5 X 10°-3 X 10* rads hr. 

The dosimeters are small, relatively 


range 


sturdy and easy to manufacture and 
manipulate. The fluorimeter is a sim- 
ple system that uses filters to isolate 
exciting ultraviolet light and emitted 
fluorescent light. Commercial fluorim- 
be adaptable for this 


eters may 


purpose, 


Previous Work 

Several earlier papers have reported 
the decrease in efficiency of several or- 
ganic luminophors for both scintillation 
and ultraviolet photoluminescence on 
exposure to ionizing radiation (/-4). 
Luminescence degradation has also been 
studied in other types of materials such 
as alkali halide phosphors (5, 6), 


Vaval Research Laboratory, Washington, D. C. 


quinine acid solutions (7) and xylene- 
PPO solutions (8). 

Anthracene 
been found useful for gamma and elec- 


and naphthalene have 
tron doses at least over the range 3 > 
10°-2 & 10° rep, and using them in a 
self-supporting plaque for convenience 
and accuracy has been suggested before 


OP 
Dosimeter Wafers 


To cover a wide range of doses with 
adequate sensitivity, we use two or- 
ganic materials of differing degrada- 
tion characteristics: anthracene [C.H,: 
(CH.):CeH,] and p-quaterpheny! 
CsH;CsH,CsH,CeH;). Powders of 
these materials are pressed into wafers 
thick and 34 in. in diameter, 
weighing 0.5 gm. The anthracene 
Reilly Tar & Chemical Corp., scintilla- 
at 20,000 psi 
pressure and a temperature of 150° C, 
the (Eastman 
Kodak) forms sound wafers under pres- 
Thinner 
wafers have been easily fabricated. 


big In. 


tion grade) is molded 


and p-quaterpheny! 


sure alone without heating. 


The predose luminescence of the 
wafers is reproducible within a few per- 
cent among different wafers even for 
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our relatively simple techniques. | 
Finely divided raw material (e.g., East- 
man p-quaterphenyl) gave the best 
reproducibility in this respect—about | 
1-2%. | 
Because of very strong absorption of | 
the exciting ultraviolet in the lumi- 
nescent material, only luminescence in 
a thin surface layer is observed. Some 
90 % of the signal comes from the first | 
4 microns of anthracene (9). Thus the} 
quantity measured by these dosimeters 
is the absorbed dose in the wafer sur- 
face. One consequence is that each 
wafer yields two measurements of lumi- 
nescence, one for each side of the wafer. 


In a gamma-ray measurement where 
electronic equilibrium conditions are 


Decontaminate and 
wash ‘hot’ clothing 


right on the premises 


satisfied (10), the two measurements , , , 
atisfied (10), the two measurements |-There’s no need for nuclear plants and laboratories to incur the added 


should agree, and can be averaged to 
give improved accuracy. 


'risks of transporting clothing exposed to radioactive or toxic materials. It 


| . . . . . 
Furthermore, surface luminescence | Cam be washed and decontaminated, immediately after use, in one simple 


degradation is strongly influenced by | 
secondary ionizing particles coming | 


from adjacent material outside the 


operation—right in your own plant. 


| Getting started is no problem either. The American Laundry Machinery 


wafer as well as from within. This Company’s engineers will handle the entire job from initial planning 
through installation of equipment. Your own modern, efficient laundry and 
decontamination facility is as close as your telephone. Call your American 
representative for complete information, or write for Catalog #2642. 


should lead to great versatility in| 
manipulating the response of the de- 
vice to neutron and mixed fields, as| 
well as gamma rays. These possibili- | 
ties are being investigated further in | 
his laboratory. 

However, for simplest application to 
gamma-ray measurement, the wafers 
should be enclosed during irradiation 


in a capsule of a low-atomic-number 


material such as polystyrene or graph- |} 


ite. The capsule wall thickness should | 
be at least equal to the range of second- 
ary electrons produced by the gamma | 
rays. In general the wafer surfaces | 
should be protected from contamination 
or abrasion during use to avoid spurious 
changes in measured luminescence. 


Fluorimeter 


Figure 1 is a schematic diagram of a 
breadboard fluorimeter designed for | 
measuring the ultraviolet-excited photo- 
luminescence. The dosimeter goes into 
circular recess in a dead-black Bakelite 
plaque with its surface exposed to 
3,650-A ultraviolet light from an H-100 
mercury lamp. Lamp-to-plaque dis- 
tance is adjusted so that an undosed 
dosimeter gives a photomultiplier cur- 
rent 10‘ times dark current— 
several microamperes. At this level, 
photomultiplier fatigue in the 1P21 is 


about 


negligible and no ultraviolet-induced 
luminescence degradation is observed 
even after an all-day exposure in the 
fluorimeter (4). The filter combina- 
tion in Fig. 1 reduces the signal caused 
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At Shippingport Atomic Power Station of 
Duquesne Light Co., in Shippingport, Pa., 
clothing of workers in the Reactor Plant 
is decontaminated and laundered with the 
two Cascadex Washer-Extractors and two 
Zone-Air Diying Tumblers, one of each 
pictured above. A joint project of the U. S. 
Atomic Energy Commission and Du- 
quesne Light Co., the Shippingport Power 


Station, which was officially dedicated last 
May, is the world’s first commercial atomic 
energy plant. Upon completion of their 
work, employees remove their clothing, 
shower, and monitor themselves for con- 
tamination before dressing to go home. 
The contaminated clothing is collected 
and laundered, then put in storage cabi- 
nets for reissuing. 


The American Laundry Machinery Company, Cincinnati 12, Ohio 


You get more from 





LOMA 


MAKES THEM ALL 





CIRCULAR SAWING MACHINES 


COMBINATION ROLLING MILLS 











line of 
includes: 


Our standard 
equipment 
Casting Machines and Molds 
Saws and Cut-off Machinery 
Hot and Cold Rolling Mills 

Rod and Tube Draw Benches 
Roller and Stretcher Levellers 
Air and Hydraulic Tube Testers 


MACHINE MFG. CO., INC. 


114 East 32nd Street 
New York 16, N. Y. 
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by scattered ultraviolet to a very low 
level. 

The photomultiplier is operated at 
—700 volts, supplied by batteries for 
stability, and its current output is 
measured on a General Radio Type 
1230-A electrometer. 

The dashed curves of Fig. 2 show the 
emission spectrum of anthracene and 
quaterphenyl wafers, as seen by a 
grating radiometer with 3,650-A ex- 
citation and a 1P22 photomultiplier 
filtered by a Corning 3060 filter. These 
curves have not been corrected for the 
wavelength dependence of the radiome- 
ter response, which tends to be too low 
below about 4,300 A. The solid curves 
were obtained by placing the exit filters 
from the fluorimeter in the radiometer 
and observing the resulting spectrum. 
Evidently the fluorimeter looks at a 
narrow band centered at 4,420 A and 
greatly attenuated by the filters. * Qua- 
terphenyl gives roughly half the un- 

|dosed signal on the fluorimeter that 


80} ii 
| Quaterphenye = / 
60! fluorimeter (x 100); 


‘e- Anthracene - 
. radiometer 

} “Anthracene - 
/\ fluorimeter (x 100) 


\ Quaterpheny- 
4! radiometer 


w see, 


~~ 
= 
a 
ec 
ry 
= 
£ 
ry 
> 
= 
2 
o 
ec 


Wavelength (10 A) 


FIG. 2. COMPARISON of emission 
spectra and fluorimeter readings show 
that instrument reads narrow band 
centered at 4,420 A 


anthracene does. Thus the two dosim- 
eters can be measured easily on the same 
fluorimeter without any modification 
in the filtersystem. Itis important for 
comparing results with different fluor- 
that their filter 


Then the same spectral band 


imeters systems be 
identical. 


of luminescence is observed in each. 


Degradation and Dose 


Wafers were exposed to two types of 
ionizing radiations, Co® gamma rays 
delivering ~5 X 10° rads/hr to the 
dosimeter and the electron beam from a 
2-Mev, 20-uva Van de Graaff generator 
at about 10° times the Co® dose rate. 
The two sources were calibrated with 
the Fricke ferrous sulfate dosimeter. 

3 shows degradation as a 
both 


Figure 


function of absorbed dose for 


anthracene and quaterpheny! wafers. 
In each case the dashed curve was ob- 
tained from measurements made within 


. i ie _ P-quaterpheny! 


e Rot 


A o 
Anthracene “SPost-heat ~S< Post-heat 
Pre-heat- >\_ 


SCE 


Pre-heat 


post-dose/pre-dose 


76 7 ing 0? 


Absorbed Dose (rad) 
LUMINESCENCE RATIO be- 
comes stable after heat treatment. 


Without treatment, dose effect di- 
minishes in time 


FIG. 3. 


~1 hr of irradiation. Contrary to pre- 
viously reported results (1-4), lumi- 
nescence in both anthracene and qua- 
terphenyl recovered slowly with time 
after exposure. Amount of recovery is 
always small compared to initial degra- 
dation, but usually significantly large 
from the point of view of accurate 
dosimetry. The effect is somewhat 
greater for Van de Graaff runs than for 
those of Co gamma rays. Figure 4 is 
the recovery of anthracene wafers given 
4 X 10’ rads in the Van de Graaff elec- 
tron beam. A _ post-irradiation heat 
treatment of 1 hr at 100° C 
quate to make readings very stable with 
time thereafter. 


was ade- 


Co® data were stable within 1-2% 
over a month’s time, and electron-beam 
data were constant within 4-5% over 
that period. The solid curves in Fig. 3 
were obtained after such a heat treat- 
ment. This heating generally has only 
a slight effect on luminescence of un- 
dosed wafers. 

Under some conditions—-for example, 
exposures in conveyor-belt-irradiation 
monitoring—the postdose heat treat- 
ment could well be dispensed with. In 
the 


luminescence is of secondary impor- 


that case long-term stability of 


tance, and the similarity of successive 
exposures would enable establishment 
of a simple relationship between 
promptly measured degradation and 
that measured after heat treatment. 
The cause of postdose recovery is 
uncertain, but an auxiliary experiment 
with ultrapure anthracene contained 
in an argon atmosphere has shown that 
the effect very likely is not caused by 
Volatile 


degradation products have also been 


oxygen or initial impurities. 


Pri- 
probably be 


eliminated as a possible cause. 


mary degradation can 
ascribed to formation of a quenching 
molecule in the material. Under ultra- 
violet irradiation this quencher readily 
captures energy and dissipates it as 
heat before a normal molecule can emit 


the energy as light. Recovery may be 
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Harvey-Wells presents | aa types of 
SAFETY ENCLOSURES 


for handling hazardous substances 


VACUUM 
DRY BOX 


for work in con- 
| trolled atmosphere 
| « sloping front « 
A COMPLETE NMR’ FIELD CONTROL round autoclave- 


SYSTEM FOR LESS THAN $3,000 _ | * #it lock. 
e Up to 30,000 gauss © Adaptable 
© Stability exceeds 1/105 e« Compact 


NMR instrumentation, electromagnets and power supplies, | Safety is the first consideration in this newly-designed 
error signal comparator . . . digital components. stainless steel laboratory equipment. These enclosures 
*Nuclear Magnetic Resonance make it safer—and easier—for the technician to work 
with contaminants, micro-organisms, live viruses, in- 
fected animals, poisonous and radioactive substances. 
Stainless steel constructed with crevice-free surfaces, 
generously rounded corners, for easy cleaning and de- 
HARVEY-WELLS ELECTRONICS, INC. contamination. Write for illustrated folder describing 
Research and Development Division 22 different kinds of enclosures. S. BLICKMAN, INC., 
7904 GREGORY AVENUE, WEEHAWKEN, N. J. 

5168 WASHINGTON ST., W. ROXBURY 32, MASS. 


UNITIZED 
ENCLOSURES 


Low in cost « 
Stainless steel 
« Modular 
construction 
adapts to many 
uses. 





HEAT TRANSFER 
SPECIALIST 


CALIFORNIA-TYPE 
Top level position with salary up to $15,000 for 4 | FUME HOOD 
the individual who can qualify for this immediate For handling radioac- 
opening. This research scientist must have a min- tive materials + dual- 
imum of five years specialized heat transfer expe- sided for double oper- 
rience, with a minimum of one year in nuclear | ation. 
reactor heat transfer problems. 





The above position is with the Research Division 
which is located at Quehanna in the picturesque 
area of north-central Pennsylvania, approximately 
40 miles north of State College, the home of Penn- 
sylvania State University. 

a | MICRO-BIOLOGICAL 
Send detailed resume including salary requirements - SAFETY CABINET 
to: T. W. Cozine, Mgr., Executive & Technical Place- i 7 r, ™ Back or top mount- 
ment, Curtiss-Wright Corporation, Dept. RD- 61 : ing of biological fil- 
Wood-Ridge, New Jersey. ' : , f ter canister + air 
lock if wanted. 


All replies confidential 


CURTISS-WRIGHT = /BLICKMAN SAFETY ENCLOSURES 


| SEE US AT: 
CORPORATION * WOOD-RIDGE, N.J. ] | Pusite ‘Auditorivm, Clevelond, Ohio. Logk for this symbol of quality Cm 


Booth #322, 
April 5-10, 1959 
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TO A 
PHYSICIST'S 
PHYSICIST 


At the Atomic Power Department of Westinghouse the foremost authorities on 
industrial nuclear technology are endeavoring to make atomic power read 
economically available. Now, y an take part in this stimulating pre 

the gift of nuclear fire to the whee f industry. Westinghouse gives you the 

tunity to gain recognition for your w and at the same time to take ad 

all the facilities of this uniqu iboratory. Your assignments will brir 
contact with other scientists whose interests parallel your own. In this 

of scientific enlightenment there are few restrictions on information. Toda 


j 


Westinghouse you can add your contribution to this field of the future. 


Working at the Atomic Power Department will enable you to take advantage of 
what has been called the Renaissance City of America — Pittsburch. Here. the 
« ctr +! 


presence of the atomic Jent by the number of world-renowned 


5 


research centers devoted to nuclear science. In addition to all of this, you have the 
advantage of graciou 


SENIOR SCIENTIST 


alertness and initiative. MS in physics or mathematics with several years experience 


or mathematician with an unusual degree of 


in either reactor calculations or crit experimentation. 

SCIENTIST . . . PhD in physics with experience in the Atomic Field desirable, but 
not essential; or BS degree with 5 years experience in the nuclear field ORSORT 
or nuclear engineering background acceptable. 


SCIENTIST . . . PhD in physics or related fields. Must have the type of personality that 
lends itself to LRMD work and in addit possess a high aegree of creative ability. 


end resumé to Mr. C. S. Southard, 
Westinghouse Atomic Power Dept., P.O. Box 355, Dept. W-13, Pittsburgh 30, Pa. 


Westinghouse 


FIRST IN ATOMIC POWER 
146 





APPLIED RADIATION 


This article starts on page 142 


10 ~~ 100 

Time After Completion of Exposure (hr) 

FIG. 4. RECOVERY OF DOSIMETERS in 

the absence of heat treatment. Ordi- 

nate is ratio of fluorimeter current to 
immediate predose value 


caused by gradual chemical interaction 
between this quencher and some other 
radiation product. Alternatively, part 
of the quenching may be due to ther- 
mally unstable molecular species or to 
thermally unstable centers of the 
trapped-electron or trapped-hole type 
generally found in inorganic materials. 
In either case elevation of the tempera- 
ture would tend to speed up the process. 
One hour at 100° C is adequate to reach 
a stable end point. Tripling the heat- 
ing time produces no further change. 

Others have considered the problem 
of physical interpretation of the pri- 
mary degradation process (1, 8, /1, 12), 
which need not be discussed further 
here. However, it is worth mentioning 
that on a plot of (Io/ I) — 
of dose the anthracene pre-heat data 


lasafunction 


fall on a straight line, while the post- 
heat data curve downward slightly 
with increasing dose. Quaterpheny! 
gives straight lines for both pre- and 
post-heat data up to 4 X 10° rad. 
Then the slopes break abruptly and 
give two steeper straight lines out to 
5 & 10%radatleast. This suggests the 
possibility that a second quenching 
process becomes important in quater- 


phenyl at very high doses. 


Rate and Energy Effects 


Calibration of the Co® source and 
Van de Graaff electron beam by chemi- 
cal dosimetry allows a test of dose-rate 
dependence over a wide range of dose 
rates. The ferrous sulfate dosimeter 
is dose-rate independent at least over 
the range of interest here (13). The 
published depth dose distribution curve 
in water (14) for a 2-Mev electron beam 
was used to deduce surface dose for a 
dish of ferrous sulfate solution from the 
measured average volume dose. 

Wafers of anthracene and quater- 
phenyl were given 5 X 107 rads with 
both Co® gamma rays and the electron 
beam, and their luminescence degrada- 
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tion compared after the usual heat 


treatment. Absorbed dose indicated NUCLEAR 


by the anthracene was 8 % lower for the 


electron beam than for gamma rays, INS TR UMENTA TION 


and the corresponding figure for qua- 

terphenyl] was 11% lower. This agree- d Yi 

ment between wafers and ferrous sul- an OU... 

fate is regarded as satisfactory since it 

is probably within the accuracy of the 

ferrous sulfate calibration of the elec- A f 

tron beam. It is particularly gratify- me Ss S age O 

ing that-anthracene and quaterphenyl 

track each other almost perfectly in e 

going from Co® to the electron beam. | imp ort anc e 

One probably obtains a better calibra- 

tion of the electron-beam surface dose é 

rate through the organic degradation 

dosimeters than by caeits sulfate. In directe d to 

any case the dose-rate¢ dependence of 

the degradation dosimeters is negligibly 

small, at least in the range 5 X 10°- all users of 

3 X 108 rad/hr. It is likely that this 

range extends considerably further in 

both directions, limited by possible nuclear 

heating effects at very high dose rates. 
Effect of photonenergy. With elec- 

tron equilibrium, absorbed doses in two e 

materials suffering the same exposure instruments 

are in the ratio of their energy-absorp- 

tion coefficients (10). A calculation of 

this ratio for anthracene and quater- 





pheny! relative to carbon shows that it ai . g 
does not differ from unity by more than Victoreen—world’s first nuclear instrument pro- 


+6% over a range of photon energies ducer—is now introducing its new Tullamore Line 
of 10 kev to 10 Mev. Thus these of nuclear instruments. This is important to you. 


dosimeters are well suited to dosimetry i ’ P 
It’s important because the entire Tullamore Line 


measurements in low-atomic-number a ; 
represents fresh, creative design thinking in: 


materials in general and carbonaceous 
atinns seene ose ¢ Multi and single-channel gamma spectrometers 
Interpretation * Electrometers 

* High-voltage power supplies 

* Scalers 

* Ratemeters 

* Unique accessories for all of the above 


This system is not absolute and must 
therefore be calibrated against a refer- 
ence—for example, ferrous sulfate solu- 
tion. This is most directly done in a 
gamma-ray field under equilibrium con- Victoreen is confident that future users of The 
ditions. Absorbed dose in the wafer is = ‘i , ‘ : 

lullamore Line of instruments will be as enthusi- 
astic as present users. The Tullamore Line, comple- 
tion coefficients in square centimeters menting and extending the breadth and scope of 
per gram are as follows: anthracene and Victoreen’s nuclear instruments and systems, now 
p-quaterphenyl, 0.0282; water, 0.0297; makes Victoreen virtually a “single source”’ for all 
ove : 9R7. *etvrene 9Q7. ° ° 
graphite, 0.0267; polystyr« " 0.0287; your nuclear instrumentation needs. And remem- 
air, 0.0267. Ferrous sulfate dosimetric cs ; ¢ 
a 7. Ferrous sulfate dosimetric ber, Instrument is our middle name — particularly 
solution has a value close to that of ; 

nuclear instrument. AA-9608 


determined from the absorption coeffi- 
cients. For Co® gamma rays absorp- 


water. 

If the exposure dose rate R (roent- 
gens/hr) is known at a point in the 
gamma-ray field, the absorbed dose rate 
rads hr) in a degradation dosimeter at 


a point under electron equilibrium is The Victoreen Instrument Company 
D, = O.877Rux/ air = 0.93R. 5806 Hough Avenue * Cleveland 3, Ohio 


Work in Progress WORLD'S FIRST NUCLEAR COMPANY 
The system is still under active 
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study in this laboratory. In particular 
the effects of temperature and applica- 
tion to electron beams, mixed neutron 
and gamma fields, and beryllium- 
window X-rays are being considered 
further. The present report is in- 


tended only as an introduction, and 
COPES-VULCAN will be extended as further work is 
completed. 


nuclear valves at se 


The author wishes to express his apprecia- 

tion to J. H. Schulman for vital contributions 

EN RICO FERMI throughout the work, R. D. Kirk for providing 
ultrapure anthracene and valuable assistance 

in one phase of the project, A. E. Nash for his 

4 advice and the use of his equipment in carry- 
atomic power plant ing out the ferrous sulfate dosimetry, and 
J.G. Allard, C. F. Sharn and the other mem- 

bers of the NRL Dielectrics Branch who have 

generously contributed their time. The re- 

This liquid sodium valve is one of three search was supported in part by the United 
Copes-Vulcan has furnished to serve as | Sites Air Force under Contract No. (33-616)- 
58-21 monitored by Materials Laboratory, 


throttling devices in the blanket feed lines pio ,at, of Research, Wright Aie Devdep- 
at the Enrico Fermi plant. ment Center. 
In leak tightness of stem, resistance to BIBLIOGRAPHY 
corrosion, full-safe operation and remote | /. J. B. Birks, F. A. Black, Proc. Phys 
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maintenance these valves meet the rigid F. A. Black, Phil, Mag. {7} 44, 263 (1953 
requirements demanded by primary-fluid 3. I. M. Rozman, K. G. Zimmer, Atomnaya 
| . Energi. 2, 54 (1957); Int. J. Appl. Rad. and 
nuclear service. Isotopes 8, 36 (1958) 
5. J. H. Schulman, H. W. Etzel, J. G. Allard 
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search urlington ig " ) 
completed weld x-rayed. All sub-assem- abstract, Radiation Research 9, 89 (1958 
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Nuclear valves for submarines, car- 
riers, atomic plants and test reactors. 

For all these vanguard projects, Copes- KEEP IN MIND 
Vulcan is building valves. Here’s real proof - 

of the acceptance of Copes-Vulcan’s skill Third Industrial 


and integrity in a field where precision is 
a critical requirement. Write for details. Nuclear Technology 


wae Conference 
¢ Valves are “canned” with the inner assembly 
/ placed in a sealed container from which it can Chicago, Sept. 22 -24, 1959 


be removed by an automatic manipulator with- 
out draining the system. Cosponsors: 


Armour Research Foundation 


Copes-Vulcan Division = ond NUCLEONICS 
BLAW-KNOX COMPANY Subject: 


Erie 4, Pennsylvania 
Nonpower uses of nuclear technol- 


ogy in industry 
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Safe Source for Gamma — 


RADIATION 
Absorption Measurements neariall 


@ LOGARITHMIC RESPONSE 
@ BUILT-IN CHECK SOURCE 


BASIC DESIGN of this source holder has 
lead cylinder rotating in 3-in. lead 
cube. In closed position source hole in 
cylinder faces unbroken wall of cube. 
Turning to open position aligns hole in 
cylinder with hole in wall of cube and 
releases slightly collimated beam of 
photons. Orifice has threads for smal- 
ler collimators. System is designed for 
photometric applications requiring low 
energy beam at fairly high intensity 
(2 r/hr) such as determination of heavy- 
metal concentrations in solutions. , 

One shown holds 10 mg (~35 mc) of ‘ Radector for gamma 
Am**!_ Its designer, U. L. Upson of or gamma-beta... 
Hanford Atomic Products Operation has two 3-decade loga- 
found source “convenient and fool rithmic ranges... 
resistant.” It has both laboratory and to 50r/hr or 500 
in-line uses r/hr. 





Radector with Sepa- 
rate Probe for mon 





10 Series has wid 
| est range of any 
Flange Source holder survey meter... 
from .01 mr/hr to 
10,000 r/hr. 


SAFETY FEATURES are visible in ex- mechanism to unlock cylinder. Turning 

ploded view. Source holder goes into cylinder toward open causes flange to 

cylinder and cylinder into cube. Holder engage slot in bracket. Lock engages Also, The RAMS IE 
’ 


is locked closed until it slides onto notch in flange to hold source in full | Bisse 
bracket and key engages tumbler open position (Remote Area Monitoring System) 


IN OPERATION holder is firmly locked 

on bracket by engagement of flange in 

slot. Cylinder must turn 90 deg to 

closed position for disengagement. Re- 

moval causes tumbler mechanism to 32 STANDARD PLUG-IN UNITS 
lock cylinder closed until it is inserted * 20 CHANNELS - 

on bracket once again or laboratory 
key is used to open it for bench use. 
Stops limit rotation to 90 deg. Holder — 


is for gamma absorption | measure- JOR DA ns BEEUEALED IEE 
ments—or “absorptiometry” if you find ; = 


write...there’s more to tell! 





it easier Athambra, California 
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Opportunities in 


Engineering Analysis 
at Atomics International 


A fast-growing backlog of major projects is creating future- 
assured openings for qualified nuclear scientists and engineers at 
Atomics International headquarters in the suburban San Fernando 
Valley near Los Angeles. AI is now developing a Sodium Reactor 
power station for Consumers Public Power District of Nebraska 
and an advanced type of power reactor for a group of fifteen utility 
companies in the Southwest. Overseas, five AI research reactors 
are in operation or under construction—and AI’s Organic Moder- 
ated Reactor is one of the three power reactor concepts the Atomic 
Energy Commission has approved for export to Euratom. 

Here are some typical current openings: 

Reactor Engineering. Analysis and design of over-all power reactor 
systems and components. Prefer power reactor background in 
engineering design and analysis. Experience in reactor safeguard 
analysis also valuable. 

Core Analysis. Complete nuclear analysis to include criticality, flux 
distribution, and reactivity requirements. Fuel cycle economics 
and optimization. 


Shielding. Analysis and design of biological and thermal shielding 
of large stationary power plants. Advanced studies and methods 
analysis for compact and mobile power plants. 


Heat Transfer and Fluid Flow. Steady state and transient experi- 
mentation and analysis. Power optimization studies; free and 
forced convection flow transients; boiling and two phase flow in 
water, organic and liquid metal systems. 


Structures. Transient and steady state stress analysis of reactor 
components subjected to mechanical loads, thermal cycling, and 
thermal shock. Advanced analytical studies in thermal stress 
fatigue, elastic and inelastic behavior of plates and shells, struc- 
tural dynamics, and electronic analog and digital computer 
application. 

Control. Over-all power plant control including reactor kinetics 
and systems simulation. Experience valuable in plant protection 
systems, radiation monitoring, and control systems. 


Write today for more details about exciting career 
opportunities: Mr.C.D.Newton, Personnel Office, 
Atomics International, 21600 Vanowen Street, 
Canoga Park, California. 


ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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Los Alamos Accident 
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FIG. 5. CRITICAL THICKNESSES of in- 
finite slabs can be used to estimate 
amount by which tank was subcritical 
before stirring 


was evacuated. The time was 4:35 p.m., 


December 30. 


The Burst 


The initial action of the stirrer in the 
solvent-treating tank forced aqueous solu- 
tion up along the wall, displacing the outer 
portion of the solvent layer and thickening 
the central portion. An average increase 
in solvent-layer thickness of ~0.4 in., 
esponding to an average radius decrease 
15 in., could account for the obviously 
reritical configuration. The burst was 

tainly terminated by the violent dis- 
turbance that it generated, and continua- 
tion of the stirring diluted the plutonium 
beyond the point at which a critical reaction 
could recur 

Radiochemical analyses for Mo* (con- 
centrated mostly in the aqueous phase) 
indicate that the total number of fissions in 
about 1.5 K 10". This 
value may be subject to refinement when 


the burst was 
analyses for other fission products are 


complete . 


Solution Removal 


Immediately after the incident, a bank of 
ten 6- and 5-in.-diameter withdrawal cylin- 
ders was fabricated and set up about 100 
feet from the point of the accident (Figs. 2 
and 6). 
to a transfer line that leads from the bottom 
outlet of the solvent-treating tank. 

As the disposition of plutonium in the 
tank was then unknown, opening of the 


This storage array was connected 


bottom outlet valve was a suspect operation, 
and therefore it was accomplished from 
behind a temporary shield with a 10-ft 
extension handle. The solution was vac- 
uum-transferred into the bank of cylinders 
without complication on January 1. The 
solution level within the eylinders was fol- 
lowed by gamma-sensing instruments (max- 
imum reading at contact was about 1 r/hr, 
and indications along the wall of the solvent- 
treating tank immediately after emptying 
were less than 50 mr/hr). 

Analysis. Successive 9-liter lots of solu- 
tion were removed from the storage cylin- 
ders, and each batch was sampled for 
Results of analysis are 
Not only was the 


chemical analysis. 


summarized in Table 1. 
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Special Committee 
Reviews Report 


A technical report* describing 
the circumstances of the Los 
Alamos eriticality accident has 
been made available by the Atomic 
It has been 


written by the authors of this 


Energy Commission. 


article and can be got at the Office 
of Technical Services, Department 
of Commerce, Washington 25, 
D. C. 

General Manager A. R. Lued- 
AEC appointed an 
investigation-review committee of 
AEC personnel to evaluate the 
report. On the committee were 
Marvin M. Mann, Division of 
Inspection, Clifford K. Beck, Divi- 
sion of Licensing and Regulation, 


ecke of the 


Charles L. Dunham, Division of 
Biology and Medicine and Kenner 
F. Hertford, manager of the Albu- 
querque Operations Office. 

The committee concluded that 
the accident was directly attribut- 
able to errors on the part of the 
operator who was killed. There 
has been some disagreement about 
how strongly the blame should be 
fixed. It has been established 
that the operator did not follow 
precisely the directions of his 
supervisor, who had outlined the 
procedure before the day’s opera- 
tions began. 

The operator was an experienced 
man who knew the processes he 
was carrying out and the reasons 
for them. 


directions and had a reputation 


He had always followed 
for reliability. The manner in 
which he departed from the pre- 
scribed procedure led him to 
handle several batches of material 
together instead of one at a time. 
The altered procedure made for 
neater 


easier inventory and a 


process. The investigators feel 
that this may have been his moti- 
vation in making the alteration. 

found that 


might have 


The committee 
closer supervision 
prevented the accident and com- 
mended Los Alamos personnel on 
have taken to 


measures they 


prey ent a recurrence, 


*H. C. Paxton et al, LANS-2293 (Feb. 
20, 1959) 





bulk of the plutonium found in the organic 
solvent phase, but a concentration of Zr*® 
in a suspension at the aqueous-organic 
interface suggested that the situation was 
the same at the time of the accident. 
Furthermore, the chemical form in which 
the plutonium occurred in the solvent was 
consistent with the hypothesis that it had 
been complexed with TBP hydrolysis 
products. 

Additional evidence that the plutonium 





Senior Chemists, 
Physicists, 
Metallurgists 
and Engineers for 


FUEL ELEMENT 
DEVELOPMENT 


Fuel Materials. Senior Physical 
Metallurgists and Chemists 
for research and development 
of reactor fuels. Research in 
gas-metal systems, emphasis 
on structural, phase equilibria, 
and material properties. 

Alloy development of fuel 
and cladding materials for op- 
eration in power reactors up to 
temperatures of 1200°F. and 
higher. 

Study radiation effects, over- 
all evaluation of uranium and 
alloys and'ceramics. 

Fuel Fabrication. Senior Metal- 
lurgical, Mechanical and Chem- 
ical Engineers for fabrication 
development of materials and 
elements.: Includes both rod- 
type and plate-type elements 
and complex assemblies. De- 
velopment of non-destructive 
tests for these elements. 
Irradiation Experiments and 
Hot Lab Evaluation. Senior 
Physicists, Chemists and En- 
gineers to develop and conduct 
irradiation experiments to 
establish the behavior of fuel 
materials and prototype fuel 
elements under conditions of 
temperature and radiation an- 
ticipated in full scale power 
reactors. Also Senior person- 
nel to develop techniques and 
equipment for the post-irradi- 
ation testing and evaluation of 
these experiments. 


Write today for more de- 
tails about exciting career 
opportunities: Mr. C. D. 
Newton, Personnel Office, 
Atomics International, 
21600 Vanowen Street, 
Canoga Park, California. 


Atomics Af 
INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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was concentrated in the solvent layer when 
the burst occurred is given by the long- 
e lived gamma activity of the type-347 stain- 
SPECIALISTS if less-steel baffle located ~6 in. within the 

wall of the solvent-treating tank (Fig. 4). 
Scanning indicated a peak in activity about 
1 in. below the mid-plane of the solvent 
layer. 


Radiation Exposures 


Results of radiation monitoring near 
the solvent-treating tank after the accident 
are summarized in Table 2. The fatally 


injured man received a radiation dose 
estimated at 12,000 rem +50%. The next 
highest doses received by any of the oper- 
f ating personnel are estimated at 134 and 53 

or rem. Other exposures from the supercriti- 
cal burst were less than 4 rem. 

The chemical operator at the solvent- 
treating tank went into deep shock within 
NUCLEAR APPLICATIONS 15 min of exposure. He regained con- 

sciousness about 6 hr later and remained 

rational and comfortable until nearly the 
time of his death at 3:15 a.m., January 1. 
The operators who went to his assistance 
show no physical effect of exposure other 
ELECTRODE DIVISION than typical changes in blood count in the 
the case of the man who arrived first and 

switched off the stirrer motor. Both have 


® 
GREAT LAKES CARBON CORPORATION || 27", 
they received predominantly gamma ex- 


18 EAST 48TH STREET, NEW YORK 17, N.Y. + OFFICES IN PRINCIPAL CITIES aeigaselensy nae ec lgere- ape wccaprsctaiates 


no succeeding burst while they were near 
the tank. 




















Nuclear-Safety Control 

Ironically, a nuclear-criticality review of 
the entire plutonium plant had been com- 
pleted about a month before the accident. 
Changes in equipment associated with a 
hopefully improved solvent-extraction proc- 
ess were planned so as to reduce dependence 


on procedural control of batch sizes for 


New Eldorado SC 700 Decimal Scaler with 
better than | microsecond resolution 


Designed for general radiation counting, Eldorado's compact 

new SC700 Decimal Scaler provides high performance at a 

budget price, $595. 

FEATURES * Precision Integral Discriminator 
© Small Size — 31/,” panel height, * Building Block Construction 


pny aeaadhadorpang © Buit-in Tost Creel FIG. 6. TEN WITHDRAWAL TANKS 
© 25 Millivolt Sensitivity * Provision for External Timer established safe geometry for vacuum 
For complete removal of solutions after accident 


d . technical information, occurred 
© Calibrated Input Amplifier please address Dept. N-4 


© Seven Decades of Count Storage 


nuclear-safety purposes. This type of con- 


See our exhibit Boda CL trol had been used successfully during the 
at the ore oO 7'6 years that the plant was in operation 
Atom Fair, Installation of the new equipment was 


Cleveland, Eevlectronics scheduled for next June and July. De- 


April 5-10 pending on efficiency of the new extraction 
Booth 811 2821 TENTH ST. © BERKELEY 10, CALIF. process, the possibility of eliminating the 
Phone THornwall 1-4613 succeeding raffinate solvent extraction and 
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TABLE 2—Results of Radiation 


N 
Monitoring of Room 218 Pp) | Li as A 


Distance 
Dose rate — from 


Date Time r/r tank ft) €Q“utpment for Nuclear Physics and Atomic Energy 


Dec. 30 4:40p.m. 20 
5:10 45 
5:15 0.: 
5:35 >50 
730 12 j Single channe! 
9:45 0.1 oF pulse-height analyser 
Te " Et type PW 4082 
8:20 a.m. 0.05 2% shown together with 
. ‘ ; linear amplifier 
1:40 p.m. 10 Cont: type PW 4072 
10:01 5 Cont - anode supply 
‘ 4029 
9:00 a.m. 2 Cont: at left 
pre-amplifier 
type PW 4071 





concentration stages (Fig. 1) was to be 
explored 

Because primary dependence had to be 
placed on procedural controls for a while 
longer, they were bolstered by re-emphasis 

1 improved solids-sampling methods. 
Other measures undertaken were replace- 
ment of a product vessel for concentrated 
solution by one of safer geometry, review 
of operating procedures, improvement of 
the nuclear-safety training of personnel, 
design and installation of gamma-sensing | 
radiation alarms, and updating of evacu- 
ition procedures 

The accident occurred in a process that 
was believed to be relatively safe because 


small throughput. Long-term holdups 

material, however, resulted from the | anes , In conjunction with a proportional or scin- 
equirement that certain plutonium ac- = aliela, tillation detector, a linear amplifier and 
ants be thalanced bales saateciel ia athat sacs a scaler or ratemeter, this single channel 


ounts could be processed. So, even| a — * pulse-height discriminator, with features 


uch as: 
procedural control was recognized as . 


ilety requirement. 

Since the accident there has been further pital odie High resolving power, 
detailed review of the entire plutonium ; <a : : 
plant. Additional or accelerated safety Nadiation j 10 different channe! widths, 
ape Ghat GamnTeee eee Provision tor threshold discrimination. 
® Design of geometrically favorable dis- | 
solvers and feed tanks for filtration and 


Provision for connecting an automatic 
solvent extraction. This has been com- 


scanning unit, 





pleted, and it is expected that the equip- 
ent will be installed before operations are t 
esumed Ps aa permits accurate analysis of energy spec- 

® Blocking of supplemental transfer lines. ee iy “te trums of radioisotopes 

Lines like those required for emergency | notom one 

procedures will be blocked to minimize the 


)pportunity for abnormal interchanges. 

® Placing cadmium nitrate solution in vent 

tanks and vacuum-buffer tanks. This is See 
protect against criticality in case of on 

cidentally introduced plutonium §solu- 


ns. The use of both soluble and fixed 


neutron poisons in large process equipment 

s being studied, though unequal distribu- 

tion between phases in the one case, and PHILIPS 
plutonium deposition on surfaces in the | 

other, present difficulties. 

® Calibrating and testing neutron detec- Nuclear Equipment 

to for indicating abnormal deposits of 


plutonium. 





Previous Accident Reports: 


Kellogg, NuctEontcs 16, No. 12, 42 (1957) for further information please apply to one of the following addresses: 


indseale, NucLEONIcS 15, No. 12, 43 
W (1957) 
Oak Ridge Y-12, nucLeonics 16, No. 11, N.V. PHILIPS’ GLOEILAMPENFABRIEKEN, Scientific Equipment Department, Eindhoven-Holiand. RESEARCH 
138 (1958) | & CONTROL INSTRUMENTS LTD., Instrument House, 207/215. King’s Cross Road, London WC 1 
PHILIPS ELECTRONICS INC., Instruments Division, 750, South Fulton Avenue, Mount Vernon N.Y. U.S.A 
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Yugoslavian Accident 


This article starts on page 106 


the bare reactor received very strong doses 


of neutron and ionizing radiations. Two 


other persons, who were further away, also 
received radiation doses above the permissi- 
ble level. 

The irradiated persons received first aid 
Institute 
had on their persons were 
retained. They 
the Center for Professional Diseases in Bel- 


and all metal objects they 
taken 


then transferred to 


at the 
away and 
were 
for treatment. The same day Pro- 
head of the d’Hy- 
Radiopatologie of the 


grade 
Jammet, Service 


Atomique et de 


fessor 
giene 
Was contacted 


Curie Foundation in Paris, 


and gave his consent to accept the heavily 
irradiated patients for treatment on his serv- 
ice After the checked and 


free of radioactive contamina- 


patients were 
found to be 
they were flown the 

One of those irradiated, the Student 


tion, following day to 
Paris 
Zivota Vranic, 
November 15th 
in the respiratory 
intestinal tract. The 


died one month later on 


because of complications 


system and the gastro- 


history of the treat- 


ment as well as the methods used, will be 


re ported by the doctors of the Curie Founda- 
We would like to use this opportunity 
to express our profound gratitude and ad- 


tion 


miration for the heroism and self-sacrifice 
shown by the personnel of the Curie hospital 
in their fight to save the irradiated patients. 

[The two persons who received smaller 
doses of radiation were treated in the Center 


for Professional Diseases in Belgrade. 


Investigation 


appointed by the 


Nuclear 


A special committee 


Chairman of the Federal Energy 
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Commission examined the causes which led 
to this accident. In addition to the state- 
ments of all persons present in the reactor 
building at the time of the accident, the 
committee collected data based on the fol- 
lowing: the measurement of the induced 
activity of metal objects which were on the 
irradiated persons or in various places in the 
vicinity of the reactor; the data submitted 
by the 


measurement of the residual activity of the 


radiation monitoring service; the 


medical 
data 


and the results of the 
On the 


reactor core, 
examinations. basis of these 
and the facts established by the committee 
the following conclusions can be drawn 

(a) During the on October 


15th none of the normally used instruments 


experiment 


for dosimetry, alarm and automatic safety 


control were turned on The reactor be- 


came supercritical because of the uncon- 


trolled rise of the heavy water level in the 
reactor tank. 
The mechanism of controlling the 


details of 


heavy 


water level and the constructive 
the safety and signalization equipment are 
described in the article “Zero Energy Reac- 
tor RB,” Bulletin of the Institute of Nu- 
clear Sciences ** Boris Kidrich,’’ No. 9, page 5 
1959) [(4)], and the data contained therein 
will not be repeated hers 

b) The 
and the 
were neither designed nor constructed as an 


radiation monitoring equipment 


automatic release of safety rods 


interlock system so that it was possible to 


put the reactor in operation even if such 














= + me>re _ 


FIG. 4. EXPOSED PERSONS stood as 
indicated by heavy dots at time of acci- 
dent. Two more much further away also 
received doses greater than permissible 














Storage tank 


Canned-rotor pump 


FIG. 3. 
tank below floor level. 











CROSS SECTION shows reactor tank on supporting platform and storage 
Pump fills tank; gravity flow empties it 
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equipment removed or turned off. 

(c) Under the 
absence of signalling equipment and auto- 
matic shut-down of the reactor, the person- 


nel first noticed an abnormal condition only 


was 


such circumstances, in 


by the smell of ozone formed in the air. 

(d) An automatic recorder of the moni- 
toring service for measuring air-borne activ- 
ity and radioactive fall-out, 540 meters away 
from the reactor, registered the power rise 
and the accompanying gamma background 
for an interval of 10 minutes. 


Determination of Doses Received 


In order to determine the approximate 
doses of radiation received by those irradi- 
ated, the neutron induced activity of the 
opper and gold objects they had on their 
person during the irradiation or which were 
in the vicinity of the well as 
the phosphorus in the urine was measured. 
The 
4198 


hours 


reactor, as 


radiation of 
12.8 


intensity of gamma 
(T = 2.7 days) and Cu (T = 


was determined by the scintillation 
spectrometer. The measurement of Au! 
gave (1.17-2.63) * 10"! thermal neutrons 
er cm? and that of Cu*® (1.19-3.03) &K 10"! 
The activity 


measured by a 


I 
t neutrons cm-. 
of P*? in the 
counter (method of solid angle) gave for the 
tal flux 1.86 10! 
rem? The mean value of the total flux 


neutrons 


hermal per 


urine, beta 


thermal neutrons 


thermal was found to be 


> X 10'! thermal neutrons per cm?. 
From this value of the flux it can be taken 
the reactor 


the energy produced by 


ring the supercritical state was about 


107 watt-sec This value is in agree- 


ent with the results obtained from the 


easurements of radioactive decay of 
fission products since October 15th, 1958. 
From the 
known that the diffusion area L? is equal to 
the neutron There- 

re, the neutron leakage is the same in both 
the region. 


which deter- 


reactor characteristics it is 


slowing down area. 


the thermal and epithermal 
From these 

ned by calculation and later confirmed by 
experimentally measuring the 
length M2, one can obtain, with an accuracy 


, the epithermal neutron flux 


data, were first 


migration 


of 10 


0.3) X 101! 
epithermal neutrons per em: 


Continued on next page 





Characteristics of the Boris Kidrich Critical 
Facility 


Reactor tank 

Ir side diameter 
Wall thickness 0 cm 
Height em 
Fuel 

Diameter 2.5 cm 
00 cm 


SO cm 


Length 

Aluminum cladding 
thickness 

Cladding purity 

Total weight of uranium 

Lattice pitch (square) 

Moderator (heavy water) 

Maximum depth 208 . 00 

Critical level (22°C) 177.6 + 0.1 em 

Total volume 6.36 meter 

Safety rods (cadmium) 

Length 50 em 

Diameter 3 em 

Distance from axis 30 em 
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Here goes another shipment 
of ready-to-install radiation 
shielding windows from Corning 


This picture was taken at our Harrods- 
burg, Kentucky, plant. 

What you see are Corning Radiation 
Shielding Windows awaiting shipment 
to a major customer. When they arrive 
at the “hot cell” for which they were 
designed, all that remains to be done 
is to install them. 

That’s because everything up to the 
point of installation has been done by 
Corning. 

How do you get ready-to-install win- 
dows for your “hot cell”? Just tell us 
your energy level, wall thickness, and 
desired viewing area. We'll take it from 
there. 


Once you've approved our plans and 
prices, we make the special glass 
plates, assemble the window with all 
of its hardware, and ship it to you—on 
schedule. You make the installation 
and you're ready to go—with a window 
that’s tailor-made for your needs. 

If you'd like more details—includ- 
ing all the pertinent data on the special 
radiation shielding glasses we make— 
ask for our booklet on that subject. Or, 
spell out your probiem in specific 
terms. Either way you'll hear from us 
promptly. Address inquiries to Plant 
Equipment Sales, Corning Glass 
Works, 16 Crystal St., Corning, N. Y. 


CORNING GLASS WORKS 


“f 


CORNING MEANS 


GLASS 
155 


RESEARCH IN 





The world’s widest range 

of Radiochemicals 

comes from 
Amersham | 


Process Buildings 

at Amersham 

Each year at the Radiochemical Centre we prepare 
over five hundred labelled compounds incorporating 
some twenty different isotopes. Of carbon-14 alone 
over two hundred compounds are available, mostly 
from stock. Our range covers all the important 
tracer isotopes—S-35, P-32, I-131, T-3, Cl-36, etc. 
We cater for many interests—for biologists with 
labelled steroids, sugars, amino acids, carcinogens, 
vitamin B12, etc.—for industrial chemists with 
labelled weedkillers, pesticides, fertilisers, detergents. 
To all tracer users we are pleased to offer advice— 
and often to make special labelled materials for their 
use. Write to Amersham for our general lists or tell 


us about your particular problem. 


THE RADIOCHEMICAL CENTRE 


AMERSHAM, BUCKINGHAMSHIRE, ENGLAND 





Yugoslavian Accident 
This article starts on page 106 


On the basis of measurements made earlier 
during the normal operation of the reactor 


| by a scintillation counter with ‘‘ Hornyak,” 


it was possible to find the ratio of neutrons 
above the energy level of 1 Mev and the 
thermal neutron flux determined by a 
proportional BF; counter and boron ioniza- 
tion chamber in the standard neutron flux 
The ratio determined from these measure- 


ments 1s 
Frast/Finerm = (3 + 1) X 107? 
and 
Fiase = (6.6 + 2.2) & 10° neutrons/cm? 


On the basis of the above facts and the 
curves for depth dose of neutron irradiation 


| according to Snyder [(6)] it can be calcu- 
| lated that the irradiated persons received the 
| following average whole-body doses: 


From neutrons with an energy level above 


| 1 Mev 


D; = 116 rems 


From neutrons with energies between 
the thermal level and 1 Mev, calculating the 
spectral distribution by the 1/ EZ law 


Dig = 223 rems 
From thermal neutrons 
Dy, = 49 rems 


The total average whole-body dose 


absorbed from neutron radiation is 
Dot seutr = 388 rems 


It should be pointed out that the irradi- 
ated tissues and organs nearer the incident 
area of neutron flux received considerably 
larger local doses. Thus, for example, the 
average dose of neutron radiation for 
tissues at a depth of 10 cm is about 850 rems. 

In earlier experiments it was found that 
in the area where the personnel were 
located the average dose rate of gamma 
radiation at a thermal neutron flux of 
155 n/em?/sec was 1 mr/h. On the basis 
of these findings it can be inferred that the 
irradiated persons received a gamma dose 
of 400 r or, if it is assumed that the mean 
energy of gamma rays is 3 Mev, the 
average whole-body dose received from 
gamma radiation is 295 rems. 

Accordingly, the total average whole- 
body dose received by the _ irradiated 
persons from neutron and gamma radiation 
is 

Dict = 683 rems 


Since the irradiated persons were at 
different distances, the variation in indi- 
vidual dose from the average may be taken 
to be about 15%. 

—INSTITUTE OF NUCLEAR 
SCIENCES “BORIS KIDRICH” 
Vinca 
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THERMONUCLEONICS 


Refrigerated Coils Cooling the windings that provide the confining mag- 
Show Fusion Promise netic field of a fusion reactor to temperatures close to 

absolute zero promises significant improvements in 
the design and perhaps the very feasibility of fusion power plants. Cooling can, | 
for example, make possible thermonuclear plants in the range of 10-300 Mw rather | 
than the few thousand megawatts that has characterized all net-power-producing 
fusion designs discussed to date. It can make possible the operation of fusion 
machines in a regime where the plasma energy is but a small fraction of the energy 
of the confining magnetic field—a situation that shows high promise of being 
stable. 

Refrigerated windings have been considered often in the history of the Sher- 
wood project, but it is only recently that the foregoing implications have been 
appreciated. This new understanding is due to Richard Post, leader of the mirror 
machine work at Livermore. First public announcement was made by Edward 
Teller in a talk at the recent New York meeting of the American Physical Society. 
Teller feels so enthusiastic about the promise of the new ideas that he has ad- 
vanced his Geneva Conference prediction of economic fusion power ‘only in the 
next century,”’ though he agrees with the general prediction that it is still a long 
time away. 

The reason why magnet cooling can have such extensive effects is that in all 
fusion-power-plant conceptual designs a very considerable fraction of the power 
produced must be put back into the windings that provide the confining magnetic 
field. In fact, the reason why fusion-power-plant paper designs generally end 
up in the range of thousands of megawatts output is that only then do magnet 
losses become relatively tolerable. Cooling a magnet coil from room tempera- 
ture to 12° K reduces its resistance by a factor of 1,000 with a corresponding | 
decrease in the ohmic heating loss. The gain would be even greater if not for | 
the fact that magnetoresistive effects become important at these low temperatures 
and result in no improvement being obtainable by going to temperatures lower 
than about 12° K. Of course a goodly part of the power thus saved must be 
turned over to the machinery necessary to refrigerate the coils, but a net gain of 
25 still seems feasible. Formidable cryogenic problems are involved here, but it is 
felt that those can be solved without prohibitive capital-cost penalties. 

The drastic reduction in power required to provide the magnetic field permits 
one to reduce the power output of the thermonuclear plant to as low as 10 Mw. 
ven more significantly it permits one to operate at low ‘‘beta,’’ ratio of plasma 
energy density to magnetic-field energy density. A beta as low as 0.01 may even 
be practical. What’s significant here is that low-beta devices tend to be more 
stable. As Teller points out, magnetic fields by themselves are stable; the more 
dilute the plasma the better the chance that it can live stably in the confining 
magnetic field for a sufficient time to permit a sufficient fraction of the confined 
deuterons to fuse. In fact Post’s experimental mirror machines at Livermore, 
operating at betas up to 0.08, have already demonstrated stability for times of the 





order of milliseconds. 

Of course Post’s experiments to date have been at temperatures below 10,000,- 
000°—there is still a factor of at least ten to go in temperature. No man would | 
claim to be so wise in the ways of plasmas as to state categorically that no new | 
form of instability will arise. Stability remains the number one problem in the 
forest that is Sherwood. Nonetheless there is enough promise in the new 
ideas involving refrigerated windings to insure that they will be pursued with vigor 
by the Livermore group. One idea that has them intrigued is to use sodium for 
the windings; it is available in even greater purity than copper and could more 
readily be annealed to remove resistivity-increasing effects of neutrons escaping 
from the fusion reactor. Sodium also has a lower magnetoresistivity coefficient 
than copper. In fact the encouraging numbers given here assume its use, though 
copper would also yield some of the advantages stated. 

Note that the effect of these coil-refrigeration ideas is to shift some of the com- 
plexity of the mirror machine away from the immediate vicinity of the plasma at 
the expense of introducing a new and complex element—the cryogenic system. 
But cryogenics is better understood than magnetohydrodynamics, and if one can 
buy an answer to the as-yet-unsolved problems of plasma stability at the price of 
some complicated low-temperature engineering, it will be worthwhile indeed. 
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Uranium and Thorium 
By L. GRAINGER (Pitman Publishing Corp., 
New York, 1958, viii-+ 204 pages, $6.00) 


Reviewed by W. R. 
Canada Ltd., 


Atomic 
River, 


THOMAS, 
Energy of Chalk 


Ontario 

The author has written the book “to 
reasonably comprehensive 
technology of uranium 


present a 
picture of the 
and thorium, from their occurrence and 
extraction, through their chemical and 
physical properties, to their uses in the 
atomic industry.” It is in- 
tended specifically for “ 


energy 
scientists, engi- 
neers and technologists associated with 
industrial organizations which are not 
primarily concerned with atomic energy 
but which are giving an increasing serv- 
ice to this new industry without per- 
haps, being given much background.” 

It is surprising that the author has 
achieved his aims in such a small vol- 
ume, less than 200 pages of text, and 
succeeded in presenting a clear and 
readable 
with the confidence and authority one 
expects from the former Chief Metal- 
lurgist of the Industrial Group of the 
United Kingdom Atomic 
Authority (Mr. Grainger is now Chief 
Metallurgist at Harwell). 

Descriptions of the extraction proc- 


account. He has written 


Energy) 


esses occupy roughly one-third of the 
book, with a slightly heavier emphasis 
a feature that understand- 
throughout the 


on uranium, 
ibly persists whole 
book. 

A brief chapter each on the chemistry 
of uranium and thorium is followed by 
substantial chapters on 
physical properties. There is a brief 
reference to health hazards and, finally, 


rather more 


a well written description of the uses of 
the metals as nuclear fuels and current 
practices in the fabrication of fuel ele- 
ments, which occupies the remaining 
third of the book. These final chap- 
ters are enjoyable reading with topics 
ranging from reactor economics to the 
prediction of uranium requirements. 
Much of the 
able by the 
summarized, and 


information made avail- 
1955 Geneva conference is 
although summaries 
as such are not necessarily valuable, in 
this case the information is treated 
critically and its value enhanced by the 
author’s contributions. 

The book is not without faults. 


cialists will complain, perhaps, of the 


Spe- 


cursory treatment given to their chosen 
fields. For example, irradiation dam- 
age of uranium takes four pages and 


“Thorium Fuels’ is dis- 
A strange pen- 
stumbling 


reader who searches for 


the subject 
missed in two pages. 
chant for italics 
blocks to the 
added significance that does not exist. 

The book fills a definite gap in the 
literature, where there is still a lack of 
comprehensive texts on nuclear fuels. 
Readers on this continent can profit by 
viewpoint and 


creates 


appreciating the U. K. 
its approach to the use of uranium and 
thorium as reactor fuels. 


The Physical Theory of Neutron 
Chain Reactors 


By A. M. WEINBERG and E. P. WIGNER (The 
University of Chicago Press, Chicago, 1958, 
xii + 801 pages, $15.00) 

Reviewed by Herbert Goldstein, Nuclear 
Development Corp. of America, White 


Plains, N. Y. 


‘‘Wigner’s Group” has long since be- 


come a legend in reactor circles. From 
this fountain spring of reactor theory, 
first at ‘‘ Met Lab”’ 
at Oak Ridge, 
lations for our war time reactors such 
s X-10 and the Hanford production 
work of the 


large measure set the pattern for most 


in Chicago and later 
flowed the design calcu- 


reactors. The group in 
of the subsequent development of reac- 
tor theory in the U. 8., and its former 
members are widely dispersed in posi- 
tions of responsibility in the nuclear 
energy program. 

For many years we have been sus- 
tained by rumors that the experience of 
the group would be crystallized in an 
authoritative treatise on reactor theory. 
Our expectations have now been mag- 
nificently fulfilled by this book. 

The riches here unfolded to us may 
best be indicated by a brief summary of 
the contents. A introductory 


chapter on the elementary concepts and 


short 


classifications of reactors leads into a 
section of five chapters, totalling some 
150 pages, on nuclear physics for reac- 
tor theorists. The topics considered 
range from the basic idea of cross sec- 
tions through resonance reactions and 
the fission process to some of the latest 
theories in our developing picture of 
the nucleus. 

Throughout these hefty (but neces- 
sary) doses of nuclear physics, the em- 
phasis is on the applications to reactors. 
Thus, there are 
the calculation of fission-product poi- 


lengthy discussions on 


soning and the possibilities of breeding. 
The chapter that then follows on nu- 
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“A professor can never better distinguish himself in his work 
than by encouraging a clever pupil, for the true discoverers are 
among them, as comets amongst the stars.” CARL LINNAEUS 


Somewhere in this mighty land of ours, a gifted youth 
is learning to see the light of tomorrow. Somewhere, 
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ment. Somewhere the mind of a future discoverer—in 
science, engineering, government, or the arts—is being 
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Our nation has been richly rewarded by the quality 
of thought nurtured in our colleges and universities. 
The caliber of learning generated there has been re- 
sponsible in no small part for our American way of life. 
To our college teachers, the selfless men and women 


who inspire our priceless human resources, we owe 
more than we will ever be able to repay. 

Yet how are we actually treating these dedicated 
people? Today low salaries are not only driving gifted 
teachers into other fields, but are steadily reducing the 
number of qualified people who choose college teaching 
as a career. At the same time, classrooms are begin- 
ning to get overcrowded. In the face of this, college 
applications are expected to double by 1967. 

This is a severe threat to our system of education, 
to our way of life, even to our very existence as a 
nation. Our colleges need help—and they need it now! 


If you want to know more about what the college crisis means to you, and what you can do 
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New York 36, New York. 
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Department starts on page 158 


clear-chain reactions serves to introduce 
basic concepts, such as criticality con- 
stant, multiplication factors, nonescape 
probabilities, ete., through the neutron- 
balance picture. 

The transport and slowing down of 
neutrons are next discussed in four 
chapters of some 200 pages in all. 
Monoenergetic transport is treated 
first, then the space-independent slow- 
ing-down spectrum and finally com- 
bined moderation and transport. In 
each case, the procedure is to work up 
from the simple approximations, such 
as the diffusion and age theories, to the 
more exact treatments of the funda- 
mental Boltzmann equation. 

The next group of six chapters ap- 
plies this information on neutron trans- 
port and slowing down (generally in the 
lowest approximation) to the study of 
the homogeneous reactor. Particu- 
larly, the first two of the chapters con- 
tain much that is new on the general 
theory of homogeneous reactors and 
will undoubtedly prove especially valu- 
able. Topics such as temperature co- 
efficients, reflector effects, perturbation 
theory and kinetics are also treated. 

The final section of five chapters 
covers the theory of heterogeneous re- 
actors, a subject that forms, as they 
remark, the authors’ “‘first love.” 
These chapters on thermal utilization, 
resonance-escape probability, fast ef- 
fect, etc., are likely to be the standard 
source of information for some time to 
come. Particularly notable is the dis- 
cussion of the resonance-esca pe proba- 
bility, with its balanced treatment of 
both the ‘‘Western” method, origi- 
nated by Wigner, and the method of 
attack described by the Russians at the 
first Geneva Conference. 

Not the least of the memorable fea- 
tures in the book is the preface, which 
is a ringing avowal of faith by the 
authors in the importance of the “schol- 
arly approach” to reactor physics. 
Some of the sentences should be cast in 
bronze plaques, preferably to be affixed 
to the office walls of budget directors 
and project engineers. Thus: “By a 
scholarly tradition, we mean the sum 
of historical, technical, and pedagogical 
doctrines . . . . which represent the 
deepest probing toward, the highest ap- 
proximation to the truth.” Again: 
“The practice of extrapolating from 
known cross sections without recourse 
to the underlying theory is, we believe, 
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unsound. In this, as well as in all 
really creative thinking in reactor de- 
sign, a working knowledge of nuclear 
reaction theory is required.”’ 

The explicit description in the preface 
of the authors’ aims and the circum- 
stances under which the book was 
written disarms any possible criticism 
of the subjects included and the man- 
ner in which they are treated. Thus, 
the authors state: “We do not con- 
sider the present book to be a complete 
account of reactor theory,” and “ Natu- 
rally, the book is much influenced by 
the thinking on reactor theory of our 
war time theoretical group at the Metal- 
lurgical Laboratory.” It is therefore 
understandable that the emphasis is 

erwhelmingly on thermal reactors; 
only about 1% of the book explicitly 
considers the problems of fast reactors. 
Even within the field of thermal reac- 
tors, the problems arising from the war- 
time work, or ORNL’s present interest 

homogeneous reactors, receive fuller 
discussions than some others, such as 
kinetic effects. Other authors, with 
erent experiences, might have 
changed the distribution of emphasis. 

The authors also warn that: “We 

e tried not to make our book a hand- 
book of criticality calculations. In 
particular, we have done less than 
ustice to the many elegant machine- 
omputing techniques that are now in 
ogue In many reactor centers, espe- 

in the United States.” The 
1uthors are certainly right in stressing 
it involved and lengthy machine cal- 
ilations are no substitute for physical 
understanding. But the present-day 
ubiquity of multigroup and even fancier 
reactor computations cannot be denied, 
ind the reader who is under the neces- 
sity of learning the details of their prob- 
ems must look elsewhere. 

The preface points out that: ‘ This 
book has required a much longer time 
to complete than either author had 
anticipated; many parts have gone 
through several revisions.”” While the 
delay enabled the authors to refine a 
good deal of the text discussions, they 
were not able to escape completely the 
pitfall, so familiar to this reviewer, of 
incomplete revision. Chapter 6, for 
example, is an excellent exposition of 
changes wrought by the shell and opti- 
cal models on our ideas of nuclear reac- 
tions. But, in Chapters 3 and 4, there 
is only surface cognizance taken of 
these changes, though they markedly 
affect the quantitative, if not qualita- 
tive, conclusions made there about 


resonance parameters and average 
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cross sections. The experimental situ- 
ation in neutron cross sections is often 
rapidly changing and is particularly 
difficult to keep up with. It is no 
longer true, to cite one example from 
p. 101, that observation of gamma rays 
from inelastic scattering provides the 
best technique for studying the inelastic 
Fast time-of-flight analysis 
of the neutron energies has for several 


process. 


years now proved the more powerful 
tool. 

In wandering through the sections, 
one is struck by the voluminous elabo- 
ration reactor theory has undergone in 
its short life of little more than fifteen 
years. Despite the formidable size and 
detail of the book, there is 
sprinkling of those awesome phrases 
and ‘detailed 


This necessary 


a liberal 


“it can be shown that”’ 
derivation leads to.” 

compression results in the omission, for 
example, of the derivation of the age in 
a hydrogenous medium containing a 
the 


par- 


nonmoderating element, and of 
Wigner-Wilkins equation. It is 
ticularly regrettable that no derivation 
of the last has yet found a home in the 
pages of some book, for the equation 
has been the basis of almost all thermal- 
ization work until recently, and only a 
skeleton derivation has been given in a 
report not generally available. 

In one aspect, this reviewer must re- 
spectfully submit that the authors have 
distinct 
physics in general. 


disservice to reactor 


Out of an entirely 


done a 


laudable desire to do honor to Enrico 
Fermi, they propose to replace the 
“barn,” representing 10724 em?, by the 
Little could be 
raised if this proposal were to meet with 
The stature of 


“fermi.” objection 
universal acceptance. 
the authors 
the usefulness of the book so great, that 


is so commanding, and 
there will undoubtedly be some who use 
fermi instead of barn. But most people 
will not; nuclear physicists, in particu- 
lar, will be loath to surrender the al- 
ready prevalent use of the fermi for 
w* 
repetition on a minor scale of the Tower 
of Babel; where once physicists talked 


em. The consequence will be a 


in a common term from Hanford even 
unto Siberia, there will now be separate 
tongues. And anything that tends to 
heighten further the unfortunate fence 
between nuclear physicists and reactor 
people is especially to be deplored. It 
is earnestly urged that the authors 
bow 


withdraw their suggestion and 


gracefully to the dictum (paraphrased 


Department starts on page 168 


from an entirely different field) that 
“the custom of the people is law 

One further specific comment may be 
made. It is to be regretted that a de- 
rivation of the effective doppler-broad- 
ened cross section is given that contains 
a number of assumptions both explicit 
It probably takes less 
space to present a rigorous derivation 


and concealed, 


that need be modified only in the last 
step to yield the conventional formula. 
That the present one is incorrect can be 
seen by noting that it does not leave a 
l/v unaffected by the 
doppler effect. 

The hunting of misprints is one of 


cross section 


the time-honored perquisites of a re- 
viewer, and in order that this reviewer 
not lose his license for lack of activity, 
On 


one or two be mentioned. 


p. 174 it is stated that the multiplica- 


may 


tion constants k and k* for finite reac- 
tors are always less than C, the critical- 
the 
context that it is meant they are always 


ity constant. It is clear from 


bigger than C. G. Goertzel has also 
pointed out that there are errors in the 
signs of the spherical harmonic form of 
the transport equation in cylindrical 
0.57. Ba! 
is quoted as one of the few long-lived, 
This state- 


ment apparently stems from a misprint 


geometry, Eq. On p. 93, 


high-yield fission products. 


in Walker’s report (repeated in Table 
4.10), which gave the half-life of Ba!*° 
as 1.28 yr, whereas it is actually 12.8 d. 

These comments are not intended to 
minimize in any way the magnificent 
that Weinberg and 
Wigner have presented us. Their book 
is a great pioneering achievement that 


accomplishment 


will undoubtedly stimulate the schol- 
arly growth of reactor theory. If it 
may be permitted, the words of the 
preface should again be quoted: “We 
hope that other workers in the field will 
feel impelled to write books on reactor 
theory in which they present their 
point of view, in which they expound 
they 
What we hope most is that future au- 


thors on the subject will remember that 


what consider to be essential. 


they will be adding to the scholarly 
tradition and that true scholarship re- 
quires care, and time, and patience 
commodities which are all too scarce in 
the hustling reactor business.” 

When books 
written, they will be judged by com- 
parison with ‘The Physical Theory of 
Neutron Chain will 
reach the level of this standard. 
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Press, Massachusetts Institute of Tech- 
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prehensive coverage of the processes 


is given by 22 authors. 
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Stainless Steel Fabrication (Allegheny PYNleVVallinanlaisaret 

Ludlum Steel Corp., Pittsburgh, 1957, 1525 E. Sard St. CHICAGO-1S. ILLINOIS. Tel. FAirfax 4-1114 
iv + 384 pages). This book, which 

details common fabrication methods, is 

available upon request made on com- 


ae YOU NEED PRECISION CERAMICS! 


Industrial Carbon and Graphite (The 
Macmillan Co., New York, 1958, iv + 
630 pages, $25.75). This book con- 
tains the proceedings of a conference 
held in London in Sept. ’57. Physical 
and chemical properties and fabrica- 
tion are covered, A section is included 


on nuclear uses. 


Junction Transistor Electronics, by 
R. B. Hurley (John Wiley & Sons, New 


Pe bunk we naithon fat the sect, NATIONAL BERYLLIA OFFERS STANDARD LINE 


This book is written for the practicing 
engineer. OF CRITICAL TEMPERATURE PRODUCTS 


Berlox (pure BeO) was specifically devel- These products are also available in other 
oped with properties for high resistance to | pure oxides such as: Alox wy Zirnox 
thermal shock, excellent chemical stability  (2r02); Thorox (TH 0); Magnox (MgO) and 
and extremely high dielectric strength. A metalo-ceramics. Special shapes and sizes 


tronics Dictionary, (McGraw-Hill Book 
Co., New York, 1958, 943 pages, $8.00). full line of products including: rods, bars, oe to solve any critical tempera- 


This dictionary was prepared for the plates, tubes, radomes and nose cones is Mal coupen below with blueprint, if pes- 
Department of the Army. There are available from National Beryllia Corporation. _—sibje. 


about 25,000 terms in the English- —~ eo ee ey 
Russian section and 22,000 in the B Gentlemen: 
U. S., U. K. CMa) NATIONAL | Please send me, without obligation, further | 


Russian-English section. ; . 
details on your precision ceramics. 


and U. 8. 8. R. sources were used. BERYLLIA | 
Name 


Included are electronic theory and 


applications and principal nuclear CORPORATION 


terms. Terms having no English 


English-Russian, Russian-English Elec- 











Position | 





Company 
Street City State | 





equivalent are explained, and there is NORTH BERGEN, N. J. 
considerable cross-referencing. 
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PRODUCTS AND MATERIALS 


Nuclear Lab For Teaching 


A Sampling of Products to be shown at 


Nuclear Lab For Teaching 
Nuclear-engineering 
not only includes 


“ pack- 


an equipped 


teaching 
age”’ 
nuclear-engineering laboratory (above), 
student 
periments, but also offers help to the 


instructions and detailed eXx- 
school in obtaining funds and materials 
the AEC. The heart of the 
package is a water-moderated, natural- 


from 
uranium subcritical reactor. Designed 
to fit into a typical school laboratory 
the 5-ft 
4-ft wide stainless-steel tank containing 


reactor consists of a high 


375 gal of tap water. Immersed in thi 
water is a lattice of watertight alumi- 
num tubes containing natural uranium 
In the center of 
neutron 


in the form of slugs. 
the structure is a 
The whole reactor weighs <5 


moveable 
source. 
tons. Although the reactor is avail- 
able as a separate unit, related nuclear 


detecting, 
166 


measuring, and recording 


the 
describing in 


instrumentation is included in 


package. A manual 
detail more than 30 experiments using 
the 
also supplied.—Nuclear-Chicago Corp., 
223 W. Erie St., Chicago 10, Ill. 


reactor and instrumentation is 


Meters, Relays and Controls 


Adjustable contacts are now standard 
on the Model 137 VHS nonindicating 
meter-relay. The clear plastic case is 
13¢-in. 
including the 9-pin 
The VHS will 


trigger control action on signal changes 


only 2 in. long and 
Total length, 


plug-in base, is 216 in. 


square. 


as small as 0.2-ua or I-mv d-c. 
A miniaturized control occupies the 
same panel space as a standard 4!9-in. 


All 


including power supply, slave 


indicating meter. control com- 


ponents 
and 


interrupters, condensers 


are housed in a round barrel 


relays, 


resistors 


27,-in. in diameter and ~434-in. 
The wnit 


indication 


deep. provides continual 


signal and, when preset 


limits are reached, it triggers con- 
trol action by appropriate equipment. 
Either high of fow signal limits can be 
set by adjusting fixed pointers. For 
manual reset operation, the control can 
be used with 449-in. API meter-relays 
beginning with 


of any sensitivity, 


ranges of 0-5 wa and 0-5 mv. In such 
controls, the load relay is rated at 


2 amp. 


For automatic operation, 
maximum sensitivity of meter-relays is 
Rating of the load relay in 
automatic circuits is | amp.—Assembly 


Products, Inc., Chesterland, Ohio. 


Control-Rod Drive 


Designed for scramming control rods 


~200 pa. 


a magnetically actuated 
not take place 
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by releasing 
latch 


(scram does 





SNUBBER 
PISTON 


I 
| 
! 
' 
| 
i 
i 
! 
| 
! 
! 
| 
| 
! 
| 
i 


MAIN 
~~ THRUST 
BEARING 


FULL 
INSERTION 
INDICATOR 
COIL 


Hydrogen Analyzer 


Control-Rod-Drive Mechanism 


1959 Atom Fair in Cleveland, April 5-10 


through a seal), the AMF drive (left 
above) can be top or bottom mounted, 
provide a wide range of rod speeds and 
be used at pressures up to 2,500 psi. 
This versatility is made possible by a 
simple lead-screw and roller-nut mecha- 
The 


control rod and the nut is housed in a 


nism. screw is coupled to the 
tubular yoke sealed within a pressure 


shell. 
of the drive that are outside the pres- 


The power and control units 


sure shell are built up entirely from com- 
American Ma- 
Madison 


mercial components. 
chine & Foundry Co., 261 


Ave., New York 16, N. Y. 


Hydrogen Analyzer 


The Swartwout Co., in conjunction 
with Westinghouse, has developed an 
dissolved-hydrogen analyzer 
This direct- 
reading, continuous analyzer requires 
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electric 


(right, above). static, 


only normal a-c power, and operates on 
the principle that palladium changes 
resistance in a predicatble manner in 
The 


detector, containing a palladium sens- 


the presence of free hydrogen. 


ing element and a platinum tempera- 
ture compensating clement on a zirco- 
nium oxide form, is installed directly 


in a sampling line of the piping. 


Resulting resistance changes are oper- 


ated on by computers and amplifiers 
in the separately mounted readout unit 
where the concentration is displayed 
This unit 
reads range of 
0-100 cm* hydrogen per kg of water, 
witha temperature range of 400—600° F. 

The Swartwout Co., 18511 Euclid 
Ave., Cleveland 12, Ohio. 


Control-Rod-Drive Mechanism 


This 


directly on an indicator. 


over a concentration 


control-rod-drive mechanism 


(above) is designed for research (pool- 
type) reactors. A fail-safe scram latch 
is a magnetically operated one, and 
designed to 


the scram spring is 


meet stringent scram-time require- 


ments. Four limit switches connected 
in series provide a 100% safety factor 
for the drive-motor control. In nor- 
mal operation, a variable-orifice water 
buffer keeps forces on the core, control 
rod and supporting system to a mini- 
down-creep is 
controlled by an integral brake. Re- 
versal time is 0-20 sec from full “In 
Positioning Rate’ to full ‘Out 
tioning Rate.” Other features facili- 
tate remote disconnection of the control 
rod from the shaft without 
draining the pool and easy electrical 


mum. Coasting or 


Posi- 


scram 


disconnection and lifting of the drive 
mechanism.—Vard, Inc., 2981 East 
Colorado, Pasadena 8, Calif. 
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VN pee), Bee 


for precise 


nuclear 
laboratory 
equipment 
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Portable Survey Meter Sample Changer 


A complete, highly versatile line of nuclear tubes and instru- 
mentation is available for your most exacting research, med- 
ical and industrial counting applications. 


For laboratory, industrial and field use, Anton offers a 
diversified group of instruments, all designed for speed, 
accuracy, efficiency and economy. Whether your requirements 
call for survey and monitoring instruments, ratemeters, special 
systems or control devices, we can supply units that have 
proven their superiority in numerous industrial and govern- 
ment nuclear installations. Typical of such instruments is the 
company’s precision laboratory ratemeter—the first commer- 
cially available log-linear count ratemeter. This instrument 
has a recorder jack, is ideally suited for analytical work and 
is widely used for chromatogram applications. (Request 
Bulletin 59-1. ) 





BF, Neutron Counter 





End Window Counter 


Joh 309 Gamma Counter 
’ 








For truly precise counting requirements Anton manufactures 
more than 100 varieties of neutron detectors, halogen quenched 
counter and integrator tubes, organic quenched, and other 
types of alpha, beta and gamma detectors. If your specific 
application is not covered by our tube catalog, we can develop 
detectors and systems to fill your need. (Request Bulletin 59-T.) 


Our research and engineering group is ready to consult with you 
on specific nuclear component and instrumentation problems. 


ANTON ELECTRONIC LABORATORIES, INC. 


A subsidiary of United States Hoffman Machinery Corporation 


1226 FLUSHING AVE., BROOKLYN 37, N. Y. 


PRODUCTS & MATERIALS 


Depariment starts on page 166 


Multipurpose Shield 


Model US-1 multipurpose shield 
above with flow-geiger counter) is de- 
signed to accept interchangeable G-M, 
scintillation, flow-geiger and _ propor- 
tional counters. Two inches of lead 
shielding surround detector. Stand- 
ard model includes three sample and 
absorber slides; special slides are offered 
for manual and semiautomatic oper- 
ation and for chromatogram strip 
counting. Slides accommodate either 
samples or absorbers with l- or 2-in. 
diameters. Detectors have transis- 
torized amplifiers and are interchange- 
able in 60 sec. Geometry control is 
accomplished by click-stop mechanism 
and scale, to indicate each em of verti- 
cal movement, and slides spaced 1 cm 
on center.—Nuclear Measurements 
Corp., 2460 N. Arlington Ave., Indian- 


apolis 18, Ind. 


Hot Rolling Mill 


Model 122 two-high, reversing-rod mill 
is designed especially for hot rolling of 
tungsten and molybdenum. Equipped 
with 12-in.-dia by 24-in. special grooved 
rolls, mill will roll 2's-in.-dia billets to 
both 1'4-in. dia at variable production 
speeds from 60 to 180 fpm. Special 
features include motorized screwdown 
with either simultaneous or independ- 
ent infinite adjustment of each adjust- 
ing screw; forced-feed lubrication sys- 
tem; hydraulic roll lifters; and special 
running-in-and-out tables and guides. 

The Fenn Manufacturing Co., Fenn 

Newington, Conn. 


Ignitron Tubes 


\lodel WL-5550 ignitron tubes have 
held off capacitor voltages of 10 kv. 
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PARTICLE - 
FREE AIR 


tom't TO 2300°F.) 
—_—_— 


AIRPURE CERAMIC FILTER 


Flanders exclusive design provides 
AIRPURE filtration for very high tem- 
peratures and all atmospheric condi- 
tions. All new ceramic construction 
guarantees 99.95% efficiency on 0.3- 
micron-size particles and removes par- 
ticles as small as 0.1 micron size. 

All AIRPURE FILTERS are accu- 
rately tested to .01% for uniform high 
efficiency and the large capacity and 
low corresponding pressure drop mean 
top performance. 

Flanders Ceramic Filters require 
little maintenance and are made of 
homogeneous materials which allow 
filter components to expand and con- 
tract uniformly, eliminating cracking 
between frame and media under high 
temperatures, 


AT LOWER TEMPERATURES . . 

Even higher efficiency (99. 97%) 
is available from the AIRPURE Fil- 
ter Line—Removes particles as small 
s 0.1 micron size. 


IE 


AIRPURE 





Filters 
INCORPORATED 
Write for free information & data sheets. 


Dept. N. P.O. Box 718 
Riverhead, L.!., N.Y 
Park 7-2102 
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Why Engineers and Architects 
Specify Liquid Tile Coating 


Toughest Atomic Coatings Problems Solved 
By Evershield’s Surface Coating Materials 


pennies From the architect’s plans for the con- 


struction of a new atomic facility, to the 


modernization of older reactor 
Evershield Liquid Tile has 


and value 


proven its 
economy 

Liquid Tile is a thermal setting, 
Applied’ as a liquid, 
heat into a 


plastic 
resin it cures by in- 
vitreous-hard, 
It is a 100% solids coat- 


ing, totally free of solvents, and is com- 


ternal 


unbroken. surface. 


pletely non-porous and corrosion resistant. 


Since it may be applied without color, or 


in permanent, non-fading colors, it is 
a highly versatile surface coating 
other 


cluding metals and ceramic 


therefore 


to be used wherever coatings—in- 
finishes—fail 


or are otherwise undesirable. 


Radiation Resistance 


The characteristics of Liquid Tile make 
it particularly efficient wherever radiation 
resistance and ease of decontamination 
are necessary. This includes walls, pools 
areas. It has survived 10°R 
without breakdown, enabling its use closer 
than other coatings to source materials. 
Its resistance to ageing provides lower over- 
all costs. It is 100% waterproof and vapor- 
proof, insuring maximum protection against 
leakage of contaminated water and fission 
material. It is easily decontaminated with 
ordinary soap and water. It is unaffected 
by intermittent exposure to extreme sol- 
vents through spillage, drainage and wash- 
ing, pes has survived boiling in 5% NaOh 
and 5% H2S°4 without effect. 


When 


glas ¢ loth,” 


and _ floor 


laminant with “‘fiber- 
Liquid Tile 


minor 


used as a 
provides complete 
construction 
Weight for 
fiberglas-reinforced Liquid Tile 


protection against 


faults and shrinkage weight, 


is one of 
the strongest structural materials known, 


and resists tremendous loads and impact, 


such as are found in loading and floor 


areas. 


Ideal Block and Wall Coating 


Liquid Tile’s basic characteristics make 


it an ideal wall coating for administrative 


areas in atomic facilities, such as in cor- 


ridors and office spaces. It is easily applied 


ty brush, spray or roller, in viscosities as 


thin as a varnish, or as heavy as whipped 


cream. Factory trained applicators can 


produce almost unlimited color tones, from 


soft pastels to multi-color effects that are 


areas, 


totally 


particularly effective in hiding mortar 
joints and minor construction faults. The 
resulting surface is not only unbroken and 
practically maintenance-free, but also non- 
fading and abrasion-resistant. Sandblasting 
with #1 silica has failed to remove Liquid 
Tile from the 


coated surface. 


Evershield Liquid 
Tile Installations 


EBWR—Argonne National Lab 
PWR—Shippingport, Pa. 


Fuel Fabrication Facility—Argonne Na- 
tional Lab 


Expended Core Facility—NRTS, Idaho 
Martin Company—Maryland 

Test Reactor—Babcock & Wilcox, Va. 
ERCO Plant, ACF Industries, Maryland 
Union Carbide, Oak Ridge 

Los Alamos Scientific Lab 


Decontamination Bldg.—Argonne National 
Lab 


Physics & Metallurgical Hot 
gonne National Lab 


Lab—Ar- 


Argonaut Training Reactor—Argonne Na- 
tional 


Complete 
Nuclear 
Data On 
Evershield 
Liquid 

Tile 


Write for Brochure 103 


EVERSHIELD 


PRODUCTS, INC. 


Nuclear Sales Office 
52 W. Jackson Bivd. 
Chicago 4, Ill. 
Webster 9-0519 


DIVISION OF EVERSHIELD 
PRODUCTS, INC. JOPPA, MD. 





MAMMOTH Narda SonBias7er 


America’s first mass-produced 
industrial-size ultrasonic cleaner! 


SAVE 7 WAYS ON 
RADIOACTIVE DECONTAMINATION 


© Clean faster, speed production! © Cut rejects, eliminate 
bottlenecks! ¢ Save on chemicals & solvents! © Eliminate 
expensive installation! ¢ Cut maintenance and downtime! 
* Save on floor space! ¢ Release labor for other work! 
MAMMOTH 
5-GALLON 


TANK 


‘695 


2-year guarantee on all units. 


SPECIFICATIONS 
Interior Tank size (in.), 1OW x 14L x 9'’2H. Tank Capacity, 5 gallons. 


G-1501 generator, NT-1595 tank. 
Other models from $175 


Submersible Transducers 
Model NT-604 — Hermetically sealed heli-arc welded stainless steel 
case. Radiating face: 27 sq. in. Effective plane of radiation: 40 to 50 
sq. in. (approx. 10” x 5”). Effective cavitation of volumes: up to 1200 
cu. in. at 24” tank height (5 gal.) and 2400 cu. in. at 48” tank height 
(10 gal.). Swagelok tube fitting on side or end for internal tank wiring. 


Mode! NT-605 — Same as NT-604 except for bulkhead fitting on back 
for external wiring. Eliminates electrical conduits in solutions. 


Now you can say goodbye to expensive chemicals, solvents, and 
degreasing equipment ...reciaim valuable floor space... eliminate 
high installation costs...just by installing a Narda Series 1500 
SonBlaster. At the same time, you'll get better, faster cleaning, 
and you'll need fewer people to do the job! 


Get the tremendous activity of the new 200-watt Narda SonBlaster, 
with the largest transducerized tank ever made, at the lowest price 
in the industry! Choose from transducerized tanks or submersible 
transducers for use in any arrangement in any shape tank you desire. 
Up to 4 submersible transducers can be easily operated from the 
same generator at one time; load selector switch provided — an exclu- 
sive Narda feature. 


Simply plug the SonBlaster into any 110-115 V AC line, and flip the 
switch. In seconds, you'll clean 'most any mechanical, optical, electri- 
cal, medical or horological part or assembly you can think of. Perfect, 
too, for brightening, polishing, radioactive decontaminating, pickling, 
quenching and plating; emulsifying, mixing, sterilizing, impregnat- 
ing, degassing, and other chemical process applications. 


Mail the coupon for free help in determining the model that’s best 
for you. 


The Narda Ultrasonics Corporation 
The SonBlaster catalog 625 Main Street 
line of ultrasonic cleaning Westbury, L.1., New York 
equipment ranges from 35 Department N-28 
watts to 2.5 KW, and 
includes transducerized 
tanks as well as immersi- 
ble transducers. If ultra- 
sonics can be applied to 
help improve your process, 
Narda will recommend the 
finest, most dependable Name 
equipment available — and 
at the lowest price in the 
industry! Address 


Gentlemen: 
Please send me more information 
about 


] Series 1500 SonBlasters 
] The complete Narda line 


Organization 


City 


Zone__State 





B))))» 
= ultrasonics 
-the narda corporatia 


KT t ee 
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Department starts on page 166 


When ignitor is fired, currents from 30 
to 45 X 10% amp are discharged. _Dis- 
charge current is exponential in form 
with time constant of about 500 yusec. 
High-speed firing of ignitor is obtained 
by discharging 2-uf-capacitor charged 
to 1,500 v into ignitor, which fires in 
about 1 ywsec.—Westinghouse Electric 
Corp., P. O. Box 2278, Pittsburgh, Pa. 





Vibrating Capacitor 


Vibrating capacitor (above) requires no 
shock mounts. Hermetically sealed 
steel housing is filled with inert gas. 
Magnetic driver unit is mounted out- 
side seal and is completely shielded 
from capacitor assembly. Typical 
specifications are: capacitance, 20 pul 
nominal; insulation resistance, 10" 
ohms; contact potential, <25 mv posi- 
tive or negative; contact-potential 
drift, < +0.2 mv in 24 hr at constant 
temperature, <0.4 mv from 25 to 
50° C, <10 mv drift in 1 yr; conversion 
efficiency, >12% ratio of a-c rms volt- 
age output to d-c voltage applied at 
specified excitation; excitation voltage, 
t vy rms, 50-200 cps, 25 ohms coil re- 
sistance.—Tracerlab, Inc., 1601 Trapelo 
Rd., Waltham 54, Mass. 


Pulse Analyzer System 


Portable, transistorized, 256-channel 
pulse analyzer system features plug-in 
logic. Main unit (Model CN-110 
digital computer) contains magnetic- 
core memory, memory-current drive 
circuits, memory-cycle control binaries, 
address and arithmetic binaries, binary- 
to-analog converters, cathode-ray-tube 
display and power supplies. Plug-in 
units are available for pulse-height 
analysis (Model 210), neutron time-of- 
flight measurement (Model 211), pulse 
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measurement or any 
special program. Several data readout 
systems are provided for analog, binary, 


neutron-decay 


octal and decimal on strip chart re- 
corders, X-Y recorders, printed paper 
tape, punched paper tape, punched 
cards and magnetic computer tape.— 
Technical Measurement Corp., 441 
Washington Ave., North Haven, Conn. 


128-Channel Scaler-Analyzer 


RCLiac-128 is a completely transistor- 
ized, integrated system. Compact 
21 &X 19 X 24 in.) instrument weighs 
115 |b. 

yre-memory capacity of 10° counts per 


Among features are: magnetic- 


channel; preset time from 0.19 sec to 
28 hr; preset count from 2 to 274; 600 
1.500-v negative voltage is stable to 50 
ppm with well-regulated line; over-all 
mplifier gain of 1,000; integral linear- 
+1% for channels 5 through 
Radiation Counter Laboratories, 

Inc., 5121 W. Grove, Skokie, Ill. 


Scintillation Detector 
Model 


l 
ipove 


DSS scintillation detector 
provides detection of fast or 
slow neutrons, gamma and beta radi- 
ation with 10-stage, 34-in. photomulti- 
plier and transistorized circuits. Basic 
detector weighs <5 oz and has 1 in. 
diameter, is completely water-tight and 
orrosion resistant. Microsecond reso- 
lution time permits its use in high-radi- 
ation fields. Accessories include !4¢»9- 
in.-dia probe in which neutron-sensitive 
irea is confined to end of 42-in. length 
so that ‘“‘point’’ measurements can be 
made. Probe housing can be removed 
to substitute fast- or slow-neutron- 
sensitive phosphors. Three needle 
probes, 2-6 mm in diameter, for count- 
ing beta and gamma radiation have wall 
thicknesses of 2.5 mils and range in 
length from 10 to 15 em.—Nuclear- 
Chicago Corp., 229 W. Erie St., Chi- 
cago 10, Il. 


Radiography Unit 


“Tech/Ops”’ unit is 58-lb portable iso- 
tope machine that can be packed into 
case the size of overnight bag and per- 
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before KIWI becomes a rover 


Project Rover is aimed at developing a nuclear-powered rocket engine that 
will result in man’s conquest of intergalactic space. Kiwi-A is its first land- 
based test reactor, named for the flightless New Zealand bird. 

Before Kiwi becomes a space rover, an immense amount of test infor- 
mation will be needed. Edgerton, Germeshausen & Grier, Inc., is cooperating 
with the AEC, NASA and Los Alamos Scientific Laboratory in collection 
of this vital data. 

For Project Rover, EG&G has designed, built and is now operating 
an 800-channel control and instrumentation system yielding diagnostic 
information for designers of tomorrow’s spacecraft. 

Thus, Edgerton, Germeshausen & Grier, Inc. again is applying its 
unique operating, design and manufacturing experience to help advance 
the nation’s nuclear weapon, missile and space programs. 


EDGERTON, GERMESHAUSEN & GRIER, INC.@[]D 


160 BROOKLINE AVENUE, BOSTON 15, MASS. * 1622 SOUTH “A” STREET, LAS VEGAS, NEV. 
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Books of 


International 
Importance 


CHRONIC RADIATION HAZARDS 
by G. J. Neary, R. J. Munson 
R. H. Mole 
This monograph reports the results of an 
investigation of biological effects of 
chronic irradiation. $7.50 
RADIOISOTOPES IN SCIENTIFIC RESEARCH 
The Proceedings the International Conference 
held in Paris, 1957 
Edited by Prof. R. € 
Vol. 1. Physics and 
Chemistry and Geology. Vol. 3. Hu- 
man and Animal Biology and Medicine 
Vol. 4. Plant Biology. Each $22.50 
RADIATION SHIELDING 
by B. FT. Price, C. € 
K. T. Spinney 
A lucidly written work, suitable as a text 
and a valuable reference book $10.00 
SELECTED PAPERS from the Ist Nuclear En- 
gineering and Science Congress (Cleveland) 
Edited by D. J. Hughes, S. McLain 
and C. Williams 
2 volumes. Set $30.00 
SELECTED PAPERS from the 2nd Nuclear 
Energy and Science Congress (Philadelphia) 
Edited by J. R. Dunning, B. R. Pren- 
tice 
3 volumes. Set $60.00 
PROTECTION CONTRE LES RADIATIONS ION- 
ISANTES 
Proceedings of a conference 
C.E.A., Saclay, France 
ATOMIC POWER: An Appraisal 
Edited by Corbin Allardice 
A first class introduction to the complex- 
ities of nuclear science for economists and 
others concerned in any way with atomic 
energy. $3.50 
PHYSICS OF NUCLEAR FISSION 
Traxslated from the Russian by Dr 
J. E. S. Bradley 
Contains the papers read at a conference 
held at the Institute of the USSR, Acad 
emy of Sciences. $9.00 
NEUTRON CROSS SECTIONS 
D. J. Hughes 
A clear and concise explanation of the 
principles of theory 
measurement and use $5.00 
FORTHCOMING 
ATOMIC RADIATION OF POLYMERS 
by A. Charlesby 
The first book of its kind, ¢ 
changes produced in materials by atomic 
radiation from reactors June) $15.00 


and 


Extermann 
Industry. Vol. 2 


and 


Horton 


held at 
$6.00 


cross-section 


overs the 


ATLAS OF GAMMA RAY SPECTRA from Ra- 


dioactive Capture of Thermal Neutrons 
by L. V. Groshev et. al. Translated 
Russian bj J. B. Syke 
May) $20.00 


from the 





PROGRESS IN NUCLEAR 
ENERGY 
Series I-XII 


PHYSICS AND MATHEMATICS, 
Edited by D. J. Hughes, J. E 
|. Horowitz. (April) $15.00 
REACTORS, volume 2 

Edited by R. Hurst, R. N. Lyon 
$15.00 

PROCESS CHEMISTRY, volumes 2 and 3 
Edited by F R. Bruce, J. M. Fletcher, 
H. H. Hyman. (volume 2 published) $17.50 
{volume 3 May) $15.00 

TECHNOLOGY & ENGINEERING, volume 2 
Edited by R. Hurst, R. N. Lyon. (May) 
$15.00 

METALLURGY & FUELS, 
Edited by H. M. Finniston and J 
(volume 2 April) $21.00 
(volume 3 June) $18.00 
BIOLOGICAL SCIENCES, 
Edited by J. Bugher, F. 
Loutit. (Apcil}) $15.00 
MEDICAL SCIENCES, volume 2 

Edited by J. Bugher, J. Coursaget, J. F 
Loutit. (April) $15.00 

THE ECONOMICS OF NUCLEAR POWER, 
volume 2. Edited by |. R. Maxwell, J. A 
Lane, P. W. Mummery, P. Sporn. (April) 
$15.00 

ANALYTICAL CHEMISTRY, volume | 
Edited by M. T. Kelley. (May) $15.00 
LAW & ADMINISTRATION, volume | and 
2. Edited by Herbert S. Marks. (bound to- 
gether) (published) $26.50 

PLASMA PHYSICS & THERMONUCLEAR RE- 
SEARCH, volume 1. Edited by J. L. Tuck, 
C. Longmire, W. B. Thompson (May) 
$15.00 

HEALTH PHYSICS, volume | 
WwW. G. Marley, K. Morgan 
$15.00 


volume 3 
Sanders, 


(June) 


volumes 2 and 3 
P. Howe 


volume 2 
Coursaget, J. F 


Edited by 
(May) 








XN af 


PROGRESS IN NUCLEAR PHYSICS, volume 7 
Edited by O. Frisch, F.R.S 
May 





$14.00 


THE METHOD OF ISOTOPIC TRACERS APPLIED 
TO THE STUDY OF ACTIVE ION TRANSPORT 


Proceedings of a conference held at Saclay, 1958 


Edited by J]. Coursaget (March) $8.50 


PLASMA PHYSICS AND THE PROBLEM OF 
CONTROLLED THERMONUCLEAR REACTIONS 
Translation Editor: J]. Turkevich 
Four volumes of just de-classified work 
carried out at the Institute of Atomic 
Energy of the USSR. (June) Set $80.00 


We will gladly send you information about our publications. Write to: 


Pergamon 
Press, Inc. 


122 East 55th Street, Ne u 
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York 22,N 
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mits one-man radiographic inspection 
of industrial equipment. Machine can 
have either iridium-192 or thulium-170 
loading.—Picker X-Ray Corp., 25 8. 
Broadway, White Plains, N. Y. 


Thermocouple 


PermaKouple heavy-duty, fast-re- 
sponding thermocouple (above) con- 
sists of heavy (schedule 60) protecting 
tube containing two 48 B & 8S gage 
embeded in solid 


wires completely 


ceramic (aluminum oxide). Perma- 
Kouple will remain straight and rigid 
for indefinite period in temperatures up 
to 2,200° F.—E. C. Smith Mfg. Co., 
Forrest and Hector Sts., Conshohocken, 


Pa. 


Liquid Scintillator 


Type N612scintillation counter (above) 
has been designed for assay of low- 
energy beta-emitting isotopes such as 
sulphur-35 (maximum energy 167 kev), 
tritium (18 
13-stage 


photomultiplier followed by electronic 


carbon-14 (155 kev) and 
kev). Counter employs 


amplifier with maximum gain of 
<1,000. Light-tight shutter between 
glass sample container and photomulti- 
plier windew is interlocked with envel- 
oping lid so that it is impossible to ex- 


pose photocathode to extraneous light. 
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When operated with dynode voltage of 
about 120 per stage, and with whole 
instrument cooled to —20° C, counting 
efficiency for tritium is 10-20% with 
background of about 30 eps. With 
C'*" efficiencies of up to 100% are at- 
tainable, and it is possible to operate at 
ambient temperature.—American 
Tradair Corp., 34-01 30th St., Long 
Island City 6, N. Y. 





200,000-PV Transformer 


High-voltage transformer (above) fea- 
tures corona free operation and com- 
pactness. Unit is rated at 200,000 
peak volts at 10 ma.—Del Electronics 
Corp., 521 Homestead Ave., Mount 
Vernon, N. Y. 


Waste Concentrator 


tadioactive-waste-disposal problem 
can be alleviated by concentration pro- 
cedure that substantially reduces vol- 
ume to be disposed. Key step in this 
procedure is removal of as much water 
Model 
SEE200KS (above) will process 200 gal 


as possible from wastes. 


of contaminated liquid wastes every 
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IS YOUR GUESS WORTH $100? 


SCALER 
RATEMETER 
SERIES 


COMBINATION 
No. 222 








In January, 1959 this standard production model 
single channel analyzer, selected at random, was 
placed in operation. Since that time it has been 
counting the 0.662 mev gamma of Cs”. HOW LONG 
WILL IT OPERATE WITHOUT A FAILURE OF ANY 
COMPONENT INCLUDING VACUUM TUBES? 


$100 Prize for the Closest Guess 


EASY .. . Just put your guess, name and company 
address on the back of a post card and mail it now. 
Contest is open to anyone . . . your colleagues may 
enter. Entries are limited to one per person. 


There will be only one winner. In case of 
ties, earliest postmark will determine winner 
Entries become property of Nuclear-Elec- 
tronics Corporation and must be received 
before April 11, 1959. Decision of the judges 
[ is final. Employees and representatives of 
/ Nuclear-Electronics Corporation ore excluded 


EAP ics 
a erstrnor 
Mee 


ie | WRITE “New Catalog” on post 
o> card to receive your copy 
which describes this and other 





instruments. 


ff: 


mj UCLEAR 
GS LECTRONICS 


CORPORATION 


2925 N. BROAD ST., PHILADELPHIA 32, PA.e BALDWIN 6-2300 
Export Representatives: AD. AURIEMA, INC., New York 


P.S. See us at the Atom Fair, April 6-10 
Cleveland Public Auditorium 


Booth #701 





INDIAN P OINT:.. atomic landmark 


Interior of containment structure Construction at Indian Point 


ITRO CORPORATION OF AMERICA has played a vital role in estab- 
lishing many of the technological landmarks of the Atomic Age. 


The latest—and one of the most significant—of these landmarks 
is a great nuclear power station now rising at Indian Point on the 
Hudson River. Beginning in 1961, this Indian Point station will 
pour 255,000 (net) kilowatts of electricity into the Consolidated 
Edison Company system. 


Vitro Engineering Company, a division of Vitro Corporation of 
America, has served shoulder-to-shoulder with Con Edison and 
Babcock & Wilcox in developing this historic station. Its réle be- 
gan with the evaluation of reactor proposals, extended through prep- 
aration of all construction drawings and now includes assistance 
in the training of Con Edison’s operating personnel for Indian Point. 


Vitro makes tomorrow’s technology available today 


@ Research, development, weapon systems 

ee & Nuclear and process engineering, design 
Tx Electronics development and production 

TO : Refinery engineering, design, construction 


3° Uranium mining, milling, and processing 





a Thorium, rare earths, and heavy minerals 
CORPORATION of AMERICA 

® Recovery of rare metals and fine chemicals 

AV hircratt components and ordnance systems 


261 Madison Ave., New York 16, N. Y. € Ceramic colors, pigments, and chemicals 
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hour. It is fabricated of Inconel and 
stainless steel.—Mechanical Equip- 
ment Co., 861 Carondelet St., New 


Orleans 12, La. 
Linear Accelerator 


Linac is 6-million-volt linear accelerator 
for medical therapy and research that 
produces sharply defined beam of in- 
tense X-rays and can be converted to 
high-energy electron output. It has 
X-ray output of 200 r/min at 100 em. 
Converted to electron output, it will 
deliver up to 500 watts at energies from 
2 to 7.5 Mev. Electron beam is <5 
mm in diameter at X-ray target.—High 
Voltage Engineering Corp., Burlington, 
Mass. 


Ultrasonic Cleaner 


Series 5000 SonBlaster consists of 40- 
ke, 500-watt-output, Model G-5001 
generator and 10-gal-capacity, trans- 
ducerized, Model NT-5001 cleaning 
tank. Series is capable of 1-min, or 
less, cleaning cycle for large assemblies 
or parts as well as big loads of smaller 
components. Stainless-steel cleaning 
tank (20 X 12 X 11 in.) is deep drawn 
to eliminate cracks and crevices. 
The Narda Ultrasonics Corp., 625 
Main St., Westbury, N. Y. 


3-kw Ultrasonic Generator 


Model APT-500 Sonogen generator 
(3-kw average power output) is designed 
for high-volume, all-day production 
cleaning and will activate up to 6 sq ft 
of transducer area or 300 gal of cleaning 
solution. Unit features motor tuning, 
twin-oscillator construction and remote 
control.—Branson Ultrasonic Corp., 
10 Brown House Rd., Stamford, Conn. 


Tritiated Titanium Targets 


Thin films of tritiated titanium on 
stainless steel or molybdenum are pro- 
duced by new process. Titanium coat- 
ing is ~0.7 microns thick on 2-mil tick- 
ing and contains | ¢/in.? of tritium. It 
is completely stable in normal atmos- 
pheres and is not appreciably affected 
by immersion in solvents or water or by 
exposure to acid fumes. Material pro- 
duces ion current in excess of 1077 
amps/in.? in air and absolute beta 
emissions >10~* amps/in.? Absolute 
desorption rates of tritium and He’ are 
<0.1 we/ce/day and 75 X 10~* micron- 
liter/c/day.—Radiation Research 
Corp., 1114 First Ave., New York 21, 
N.Y. 
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LITERATURE AVAILABLE | 


Subject Length 


Ask for 





Liquid scintillation 4 pp. 
counting 
Neutron source 4 pp. 
Pumps 
Thickness gage 
4 pp. 


Neutron counters 


Gaussmeter 
Zirconium tubing 
Aert sols 


Methyl] borate 


Counting 


Connectors 


Image-converter 2 pp. 


camera 


Servo valves 6 pp. 


Engineering design 4 pp. 


and consulting 
Chromatograph 2 pp. 


accessories 

Magnetic amplifiers 

X-ray spectrograph 
application 

Radiation- and 
heat-resistant 
W ire 

Counter tubes 

Neutron detectors 

2 pp. 


Glow tube scaler 


Instruments 
Instrument systems 


49 pp. 


11 pp. 


36 pp. 
36 pp. 


Abstract of 
proceedings 


Bulletin PN 
Catalog 5206 


“Raymike 600 
Specifications” 

‘* Neutron Counters 
for Reactor 
Control” 


Bulletin on Model 
G-501 


Bulletin R-10 


“The Aerosol 
Membrane Fil- 
ter”’ 
Bulletin C-510 


‘Control Engineer- 
ing’’ reprint 

“Amphenol Engi- 
neering News” 


Brochure on 
Model C 


Catalog 220 
Brochure on 
company 


Bulletin 1853 


Bulletin 401-A 


“Rock Products”’ 
reprint 


“Ceramatemp” 


Detector tube 
catalog 
Data book 


Bulletin on 
Model 123 

Catalog A-1 

Catalog A-2 


From 


American Tradair Corp., 
34-01 30th St., 
Long Island City 6, N. Y. 
High Voltage Engineering 
Corp., Burlington, Mass. 
Nagle Pumps, Inc., 
Chicago Heights, IIl. 
General Electric Co., 
Milwaukee, Wis. 
20th Century Electronics, 
Ltd., King Henry’s Dr., 
New Addington, 
Surrey, England 
Harvey-Wells Electronics, 
Inc., North St., 
Southbridge, Mass. 
Tube Reducing Corp., 
520 Main Ave., 
Wallington, N. J. 
Gelman Instrument Co., 
233 Jefferson St., 
Chelsea, Mich. 
Callery Chemical Co., 
Pittsburgh, Pa. 
Computer Measurements 


I ’ve just seen 





Tracey/matic 


on pages 54-55 


Corp., 

5528 Vineland Ave., 
North Hollywood, Calif. 
Amphenol Electronics Corp. 

1830 S. 54th Ave., 

Chicago 50, Il. 
Librascope, Inc., 

66 8. “P” &t., 


Here’s how you can 


MERCHANDISE 
YOUR 
ADVERTISING 


with these handy 9” by 12” folders 


Livermore, Calif. 
Moog Valve Co., Inc, 
Proner Airport, 
East Aurora, N. Y. 
Internuclear Co., 
7 N. Brentwood Blvd., 
Clayton 5, Mo. 
Consolidated Electrodynam- 
ics Corp., 
300 N. Sierra Madre Villa, 
Pasadena, Calif. 
Acromag, Inc., 
22519 Telegraph Rd., 
Detroit 41, Mich. 
Phillips Electronics, Ine. 
750 8S. Fulton Ave., 
Mount Vernon, N, Y. 
Hitemp Wires, Inc., 
1200 Shames Dr., 
Westbury, N. Y. 
Anton Electronics Labora- 
tories, Inc. 
1226-38 Fiushing Ave., 
Brooklyn 37, N. Y. 
Baird-Atomic, Inc., 
33 University Rd., 
Cambridge 38, Mass. 


Keep your sales, management 
and distribution people informed 
on your advertising. Circulate pre- 
prints, reprints, schedules and 
other material in these folders, 
and make your advertising dollars 
work over and over for you. 

Write for illustrated folder 
and price list 
Company Promotion Dept. . . . Room 2710 
McGraw-Hill Publishing Co., Inc. 
330 West 42nd Street, New York 36, N. Y. 
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TIME AND AGAIN ON 


EVERY IMPORTANT 


METALWORKING 


FRONTIER 


TUBING BY 


PROVES THE TRUTH 


OF ITS REPUTATION 


FOR TOP FLIGHT 


QUALITY 


When only the best is good 
enough for your applications in 
stainless steel and special alloy 
cold drawn seamless and welded 
tubing in small sizes . . . depend 
on Tube Methods .. . .050” to 
1.250” O.D. with tolerances as 
close as .0005” when required. 


Montgomery County 





INDUSTRY NOTES 


® Nuclear-Chicago expects to be in 
new quarters at Des Plaines, IIl., 


shortly after mid-year. Half of the 


) 250 X 200 ft building will house N-C’s 


manufacturing and film-badge oper- 
ations; the rest will house main offices, 
technical division and _ laboratories. 


*® Metallurgical Products dept. of 
Clevite Corp.'s Mechanical Research 
div. has announced the availability of 
design and production services for spe- 
cialized titanium and zirconium compo- 
nents—based on the firm’s recently 
developed high-density powder metal- 


lurgy processes. 


® Powder metallurgy is the specialty 
of a new firm in Woodside, N. Y. 

Storchheim Research and Develop- 
ment Corp., 34-57th St. Storchheim 
will emphasize the development of new 
metallurgical materials, processes and 
products, as well as powder metallurgy 


techniques. 


ACQUISITIONS. With the pur- 
chase of a large interest in Heavy Min- 
erals Co., Chattanooga, Vitro Corp. of 
America now has 87!9 % ownership of 
the rare-earths, thorium and heavy- 
minerals manufacturer; minority inter- 
est is held by a French chemical group. 
. Biophysical Electronics, Great 
Neck, N. Y., has acquired Medical- 
Electronics Development Co., also of 
Great Neck. . . . Curtiss-Wright has 
assigned its new acquisition—nhter- 
Mountain Instruments, Albuquerque 
to C-W’s Electronics div., supplier of 
electronic and nucleonics devices. 


EXPANSIONS. New 
opened by Tracerlab include a $40,000 
addition to its Reactor Monitoring 
Center at Richmond, Calif., and a 
southeastern sales office at Atlanta, Ga. 

. Fenn Mfg., Newington, Conn., 
has formed a nuclear products div. un- 
der James P. Gantley and A. T. Scatter- 
good, vice-presidents; the division will 


facilities 


manufacture reactor components under 
sub-contracts. Demand for tanta- 
lum in its high-purity and alloy forms 
by the nucleonics and other industries 
has prompted formation of a metals div. 
by National Research Corp.; the divi- 
sion will also produce other rare metals 
and related chemicals. . . . Union Car- 
bide Metals has tripled the vanadium 
capacity of its Fine Metals and Chemi- 
cals dept., Niagara, to meet increased 
demand from nuclear and other users. 


. Byron Jackson Pumps, Inc., Los 
Angeles, has placed a special ‘clean 
room” in service for final assembly of 
nuclear and cryogenic pumps—1500 


sq ft. 


AGENCY NEWS. 
ative in Washington, D. C., for General 
Instrument, Newark, and Electronic 
Tube, Philadelphia, is A. H. Fogelman 
Associates, established recently to aid 
nucleonics, electronics and missile 


New represent- 


manufacturers to establish themselves 
. Ridg- 
way Engineering, Chicago and Indian- 
apolis, is sales representative for Baird- 


as government contractors. . . 


Atomic in Indiana, Illinois, Wisconsin, 
Western Kentucky and Eastern Iowa 
(handling transistor testing and semi- 
conductor testing equipment). ... 
Tracerlab is exclusive representative in 
the nuclear field for Schmid Instrument’ s 
constant volume air particle sampler. 
. . . George H. Birchall Co., West- 
field, N. J., is the new New York and 
northern New Jersey representative for 
Ohmart Nuclear Gages. 


NEW BUSINESS. A contract for 
more than 120,000 enriched-U dioxide 
fuel pellets has been placed with Nu- 
clear Materials and Equipment Corp. 
by Sylvania-Corning Nuclear for the 
Northern States Power Reactor, Sioux 
Falls, N. D. . 
order from C. A. Parsons, U. K., for 


Numec also has an 


high-density U-oxide shapes 
has given a $50,500 contract to Glad- 
ding, McBean & Co., Sun Francisco, 
for research and development on cer- 
amic fuel elements. . . . Controls for 
Radiation has a contract from the Air 
Force Cambridge Research Center, 
Mass., for all nuclear radiation protec- 
tion services required at the Center. 
A $6,130,000 contract to build a 
major addition to Oak Ridge National 
Lab has been awarded J. A. Jones Con- 
struction Co., Nashville. 


FINANCIAL. 
were up in 1958 

tively—for Metals & Controls Corp. 
and M & C Nuclear, subsidiary; the in- 


creased sales from 1957 were accounted 


Sales and earnings 


23 % and 19%, respec- 


for primarily by rising business of M & C 
Nuclear, according to C. J. Thomsen, 
president 

& Controls and Texas Instruments vote 
this month on the proposed merger of 
the two (NU, Feb. ’59, 22); M & C 
stockholders will vote April 10, TI 
stockholders April 15. 
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NUCLEAR CAMPUS, PROCEEDINGS OF THE SECOND 
®Campus Facilities. National Sci- INTERNATIONAL CONFERENCE 


ence Foundation grants for the aid of 


reactor construction have gone to Texas ON THE PEACEFUL USES 
A & M ($350,000) and Georgia Tech OF ATOMIC ENERGY 


($750,000); NSF aid supplements that 
supplied by AEC’s Reactor Develop- (Geneva | - 13 September 1958) 


, div le is vO as re- 
ment Div... . George Te ch ha ” The official U.N. Edition in English will consist of the 
cently opened a $500,000 radioisotopes | following 33 volumes: 


and bioengineering lab. . . . McMas- | yolume 1 PROGRESS IN ATOMIC ENERGY 
ter Univ., Canada, will dedicate its re- appx. 
search reactor April 10—Canada’s first | Volume 33 INDEX OF THE PROCEEDINGS 

campus reactor. . . . Univ. of Florida a Pe appx. $16.50 


is ready to go into operation with its| yoo. 2° SURVEY OF RAW MATERIAL 

Argonaut-type, 10 kw reactor... . RESOURCES, 846 pages $18.50 

on : tol Re ext +4 Volume 3* PROCESSING OF RAW 

[wo New England schools plan reactor MATERIALS, 612 pages $15.00 

acquisition: Worcester Poly has agreed | Volume 4* PRODUCTION OF NUCLEAR 
eres ae wiPiee MATERIALS AND ISOTOPES, 

to the pur hase of it 1 kw pool reactor i ecum $16.50 

from General Electric; Lowell Tech has | Volume 5 PROPERTIES OF REACTOR 

MATERIALS epp~. $14.00 


$12.50 


‘ompleted specifications for a nuclear 
. REACTORS 


ducation-research center, though no 

neg" ; Volume 6 BASIC METALLURGY AND 

dates have been announced on a con- FABRICATION OF FUELS appx. $18.00 

struction start. . . . North Carolina | Volume 7 REACTOR TECHNOLOGY appx. $19.50 
_ leted installs Volume 8* NUCLEAR POWER PLANTS, 

State College has completed installa- PART | $14.00 

tion of a l-mev Van de Graaf acceler- | Volume 9 |=NUCLEAR POWER PLANTS, 

j ‘ . : ~ tye PART II appx. $17.50 
ator, expects omple tion of a 10-Kw re- Volume 10 RESEARCH REACTORS appx. $18.50 
search reactor this fall. . . . Wayne |) Volume 11 = REACTOR SAFETY AND 

. ad. Me : — CONTROL appx. $15.50 
State Univ. plans a lab COUTSE IN NU-| Yoiyme 12* REACTOR PHYSICS, 774 pages $18.50 
clear physics beginning this fall and one Volume 13° REACTOR PHYSICS AND 
in radiochemistry in the spring. se- SCONGANCS eppx. $16.50 


. = PHYSICS 
mester—both made possible by $51,- 


anal e ; Volume 14 NUCLEAR PHYSICS AND 
378 in equipment-grant money from INSTRUMENTATION $17.00 
AEC. Volume 15 = PHYSICS IN NUCLEAR 

ENERGY $12.50 
® AEC has made the first of its equip- | Volume 16 = NUCLEAR DATA AND 

REACTOR THEORY $18.50 
ment grants under the Isotope Devel- | yeiyme 30* FUNDAMENTAL PHYSICS, 


opment Program (Feb. ’59, 29)—to the 342 pages $10.50 


Univ. of California, Berkeley ($80,000). | CHEMISTRY 
T vee ail ‘ Volume 17* PROCESSING IRRADIATED 
The mon yw ill support equipment FUELS AND RADIOACTIVE 
purchases for three new courses: a 10- MATERIALS $18.00 
sacl gaat a dria] Volume 18 WASTE TREATMENT AND 
week study program for industrial seevenpenmente, anmmena ae 
scientists and engineers; a one-week ATOMIC ENERGY appx. $16.50 
va onsen £ ee ee » | Volume 19* THE USE OF ISOTOPES: 
urvey coursé for executives; and a menesianaas Glia $12.50 
two-week course for regulatory officials. | Volume 20 ISOTOPES IN RESEARCH appx. $10.00 
AEC has another $400,000 available Velwme 28* BASIC CHEMISTRY IN NUCLEAR 
a ' ote ENERGY, 700 pages $18.50 
for grants through June 30. Volume 29* CHEMICAL EFFECTS OF 
RADIATION $14.50 


Courses BIOLOGY AND MEDICINE 


A seminar on research-development Volume 21* HEALTH AND SAFETY: DOSIMETRY 
He 10.50 ; 
uses of radioisotopes and reactors yi 4. 22 nen eekes oF - = 
will be held June 1-26 at Penn State. RADIATION appx. $14.50 
Contact Extension Conference Center. Volume 23* Ee ee ase Where approximate prices are shown, 
PSU, University Park, Pa. Volume 24* ISOTOPES IN BIOCHEMISTRY Karas ae op nate oppear be 
° ° . ° ween orcn an une : 
Special radiation procedures in the SO HERReY, "a * 
: 308 pages $11.00 ABRIDGED FRENCH AND SPANISH 
treatment of cancer is offered by Volume 25* ISOTOPES IN BIOCHEMISTRY AND EDITIONS ARE NOW IN PROCESS OF 


“ ee eee: Sat , PHYSIOLOGY, PART II 
Queens Hospital Center, New York S08 oun $11.00 PUBLICATION. 


City, for — week beginning Sept. 14. Velume 26 ISOTOPES IN MEDICINE appx. $13.00 For further information consult your local 
Contact Philip J. Kahan, QHC, 82-68 Volume 27 ISOTOPES IN AGRICULTURE Leahiinte ans 
. . . os , oppx. $14.00 
164th St., Jamaica 32, N. Y. CONTROLLED FUSION United Nations 


MIT is offering several nucleonics | yolyme 31* THEORETICAL AND EXPERI- Sales & Circulation (Atomic Energy) 
courses under its special summer pro- MENTAL ASPECTS OF CON NEW YORK 
é TROLLED FUSION, 400 pages $15.00 
gram, including plasma dynamics, & | Volume 32* CONTROLLED FUSION DEVICES, Brochures describing the volumes are 
462 pages $15.00 available on request 


ASUING MIMCLY 40 $380- 10339VId 
JEL BO TINFUIINGD WHROLIVNRING © 


three-week course covering controlled 
fusion and other plasma fields; it runs | * New evailable 


Aug. 17-Sept. 4. Contact Prof. James 
M. Austin, MIT, Cambridge 39. 8 OEE 
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FOR SCINTILLATION & 
PROPORTIONAL COUNTING 


NON-OVERLOADING LINEAR AMPLIFIERS 
Models 108 
& 108P 
Gain 40,000, 
continuously 
variable 
Rise 0.2 mi- 
crosec 
Accept + and 
— pulses 
TREMENDOUS DYNAMIC RANGE Exceeds 1,000,000 
{0.1 mv te 100v) 
Based on improved Chase-Higinbotham design. 
Excellent linearity for smal! pulses in the presence of 
tremendous overloads thot poralyze other amplifiers. 
PULSE HEIGHT SELECTOR (Supplied only on Mode! 
108P)—Precision trigger-type. 


MODEL 413 MERCURY RELAY 
PRECISION SLIDING PULSER 


The one pulser that fills every need 
of the nuclear physics laboratory 


0 to 100 Volts 
10 full seale ranges from 1 mV to 100 volts 
Fast rise and exponential decay of 1, 3, 10, 30, 
and 100 microsec simulate pulses from scintilla- 
tion, proportional and Geiger counters 
Incorporates both manual contro! and precision 
motor drive. 
The ideal instrument for precise calibration and 
test of pulse-height analyzers and other nuclear 
instrumentation. 





. ) mrcRosec 


. 
DECAY | ie 
fon 


o- 1 vours 


Window widths are determined AUTOMATI- 
CALLY, 10X more ACCURATELY, 40X 
FASTER than with conventional pulsers 


Mode! 108 Amplifier 
Model 108P Amplifier 
he lector) .. $595.00 
Model 41 $630.00 
prices f.0.b. Silver Spring, Md 


RADIATION INSTRUMENT CO. 
P.O. Box 733 





$545.00 


Silver Spring, Maryland 
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NEWSMAKERS 





William Eells, until recently coordinator 
of atomic energy for the State of Ohio 
(NU, Feb. 59, 26), has established him- 
self in the consultant’s business “‘on the 
state and local implications of nuclear 
development’’—54 Elmwood Dr., 
Delaware, Ohio. 


Oliver Townsend, second in command 
at the Atomic Industrial Forum staff 
since its organiza- 
tion in 1953, 
resigned. A former 
special assistant to 
the late 
Dean when he was 
an Atomic Energy 
Commissioner, 


has 


Gordon 


Townsend was one 
of the original two- 
man staff at AIF; 
other was Charles Robbins, who 
Town- 


Townsend 


the 
remains executive 
send held three posts when he left AIF 
early in March: asst. executive man- 


manager. 


ager, secretary, and editor of the Forum 
Memo. Robert Barlow succeeds him 
as Memo editor but no successor has 
been named for the other posts. Mean- 
while, Malcolm R. Tait, Bankers Trust 
Co., has been elected treasurer of the 


Forum. 


Marvin Fox, a nuclear scientist for well 

over 15 years, has resigned his vice- 

presidency at Inter- 

nuclear Co. to join 

the technical staff 

at Atomics Inter- 

national. Fox di- 

rected foreign oper- 

ations at Internu- 

clear, including its 

consultant services 

on the SENN proj- 

ect (Societaé Elet- 

Nazionale). At various 

times since 1942 he has been at Massa- 

chusetts Institute of Technology (Radi- 

ation Lab), Manhattan District, Brook- 

haven National Lab and serving AEC 
as part-time consultant on safety. 


Fox 


tronucleare 


General Electric has appointed W. J. 
Love of the Univ. of Denver and Den- 
ver Research Institute to consulting 
mechanical engineer on the new produc- 
tion reactor (NPR) at Hanford Works. 
N PR is in final design and an early con- 
struction start is scheduled. 
worked at both Hanford 
commercial facility, San Jose, Calif., 
before he went to Denver. 


Love 
and GE’s 


Another consultant at GE is 
Robert S. Shane, an engineer on mate- 
rials, materials applications and radi- 


new 


ation effects on materials in the Defense 
Electronics div. Shane GE 
from Bell Aircraft where he was nucle- 


joined 
onics specialist, rocket div. 


AEC’s deputy research director, Paul 
W. McDaniel, has been designated one 
of the ten top career men in the federal 
government for 1959. The award was 
made by the National Civil Service 
League. Anotherselection was Richard 
W. Weiss, scientific director of the 
Army’s Research Office, who has been 
active in nucleonics, optics and elec- 
McDaniel 


in creating the controlled-fusion pro- 


tronics. was instrumental 


gram at AEC. 


Martin Co.’s nuclear div. has named 
Clare P. Stanford of Westinghouse to 
run its engineering 

dept. ; Stanford held 

an advisory post at 

Westinghouse be- 
fore joining Martin. 
Succeeding J. A. 
Hunter, 
president for engi- 


now vice- 
neering at Martin, 
Stanford will super- 
: P Stanford 
vise all engineering 

projects at Martin-Nuclear 
radioisotope-fueled 


including 
reactor systems, 


generators and propulsion work. 


In export-sales management changes at 
American Machine & Foundry, Mat- 
thew S. Stolarz has been appointed 
assistant general manager for all export 
sales, including nucleonics products, and 
Seymour Oestreicher has been named 
export sales manager for AMF Atomics, 
the nuclear div. Od6cstreicher designed 
the firm’s ‘‘unitized” control-rod drive 


mechanism. 


Robert J. Magill, a specialist in radi- 
ation-dosimetry been 
selected by Nuclear-Chicago to direct 
research and development on its nucli- 
N-C’s John L. Kuranz, 
vice-president, has been appointed to 
AEC’s Advisory Committee on Isotope 
Development. 


methods, has 


badge service. 


Kevin G. Shea has joined Curtiss- 
Wright’s Princeton div. as senior scien- 
tist in the nuclear radiation dept., 
working on the food-irradiation pro- 
gram underway for the Army and con- 
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sulting on radiation applications for 
industry, generally. 


One of the nation’s authorities on radi- 
ation calibrations and radiation effects 
on materials, Frank 
H. Day, has joined 
Victoreen Instru- 
ment as radiological 
physicist and head 
of the nuclearstand- 
ards dept. Day| 
was in charge of | 





gamma and x-radi- 
ation calibrations 
at the National 
Bureau of Standards; he will design 


Day 


medical, x-ray and radioisotope instru- 
ments for Victoreen. 


Picker X-Ray Corp. has elected John 
K. Dunn president of three affiliates: 
Picker X-Ray of Iowa, Picker X-Ray 
of Nebraska and Picker X-Ray Mid- 
west. E. L. Gray has been elected vice- 
president, Picker X-Ray Rocky Moun- 


tain, Inc. 


Ralph W. Waniek of MIT (Boston Col- 
lege lecturer) and Harvard (working 
with the Cambridge Electron Acceler- 
ator) has taken over direction of the 
new Magnetohydrodynamics Lab of 


Giannini Plasmadyne Corp. 


Lewis M. Branscomb, chief of the 
National Bu- 
reau of Standards, has been given the 


atomic physics section, 


Washington Academy of Sciences 
award for outstanding scientist achieve- 
ment in the field of physical science. 
He was cited for ‘distinguished con- 
tributions to the physics of negative 


ions.” 


\ veteran of the USS Nautilus reactor 

effort at Westinghouse, Robert A. 

Bowman, has been 

elected vice presi- 

dent of Bechtel 

Corp. Bowman 

was engineering 

manager of Bech- 

tel’s power and in- 

dustrial div. before 

his election; before 

that he spent 20 

Bowman ’ ioe sad 

years with Westing- 

house, leaving as engineering manager, 

atomic power div., after contributing 
to the naval reactor program. 


Robert Louis Jordan has been named 
employee relations manager, General 
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ADVANTAGES: 

Optical grade zinc bro- 

mide solution has a density 

of 2.52 and possesses exceptional 

clarity. It complies with current Ar- 

gonne National Laboratory specifications. 

Stability is excellent at normal radiation levels, 

and the pH can be easily adjusted, if necessary. Econ- 

omy is a prime advantage: the initial cost of liquid viewing 

windows is a fraction of that for solid windows, Fabricated liquid 
windows are readily available. Write, wire or call Saint Louis, Mich. 
4511 for further information. Your inquiry will receive prompt attention. 


For complete listing of Michigan Chemical products, see your copy of 
Chemical Materials Catalog or Chemical Week Buyers Guide 


MICHIGAN CHEMICAL CORPORATION 
629 North Bankson St., Saint Louis, Michigan 
EASTERN SALES OFFICE: 230 Park Avenue, New York 17, N, Y. 
Copyright 1959 Michigan Chemical Corporation Reg. U.S. Pat. Off. 








CAMBRIDGE INSTRUMENTS 
FOR MEASURING RADIOACTIVE EMISSIO 





GAMMA RAY POCKET DOSIMETER 


A personal protection instrument to measure cumulative ex- 
posure to x- or gamma rays. The cylindrical case contains 
an ionization chamber and a quartz fiber electrometer. 
Standard range 0-200 milliroentgens. Size 43” x }” dia. 


LINDEMANN-RYERSON ELECTROMETER 


An electrometer with high sensitivity and good stability. Does 
not require leveling. When reading, the upper end of the needle 
is observed on a scale illuminated through a window in bottom 
of case. Size 8.3 x 6.5 x 3.5 cm. Weight 0.17 kg. 


POWER RECTIFIER 


A.C. operated power unit to supply ali voltages neces- 
sary for calibration and control of the Lindemann- 
Ryerson Electrometer. 


PORTABLE PROJECTION VIEWER 


The Cambridge Viewer, used in conjunction with the Lindemann- 
Ryerson Electrometer, facilitates observation of the deflection of the 
electrometer pointer. 


- 


Send for Complete Information 
CAMBRIDGE INSTRUMENT COMPANY, INC. 
3555 Grand Central Terminal, N.Y. 17, N.Y. 
Electric atomic power equipment dept.| PIONEER MANUFACTURERS OF PRECISION INSTRUMENTS 
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If you sell the 
$3 billion 


nuclear industry. 


you Il want a free 


copy of the 


MEW 1999 
MARKET & 


MEDIA FILE! 


DOLLAR VOLUME and 
MARKET POTENTIALS 


What are the prospects for: 
NUCLEAR REACTORS 
REACTOR COMPONENTS 
RADIATION 

EXPORT BUSINESS 


THE 1959 NUCLEONICS MARKET 
MEDIA FILE gives the answers in 
8 fact-packed pages that you will refer 


to time and again throughout the year. 


Send for your free copy today. 


NUCLEONICS 
A McGRAW-HILL PUBLICATION 
330 W. 42nd Street @ 


New York 36, N. Y. @ 


NUCLEAR CALENDAR 


Apr. 2-3—Conference on Electrically 
Exploded Wires, sponsored by the Air 
Force Cambridge Research Center, 
Boston (Somerset). Contact W. G. 
Chace, Thermal Radiation Lab, 
CRZCM, Geophysics Research Di- 
rectorate, AFCRC, Bedford, Mass. 


April 5-10—5th Nuclear Congress and 
Atom Fair, Cleveland (Public Audi- 
torium). Contact T. A. Marshall, 
Jr., Engineers Joint Council, 29 W. 
39th St., New York 18. 


Apr. 5-10—American Chemical Society's 
135th national meeting, Boston (sev- 
eral hotels). Contact Otto H. York, 
Otto H. York Co., West Orange, N. J. 


April 6-8—Annual Convention, Edison 
Electric Institute, New Orleans (Roose- 
velt Nuclear panel April 7. Con- 
tact EEI, 750 Third Ave., N. Y. 17. 


April 26—-May 1—20th Meeting of Ameri- 
can Industrial Hygiene Assn., Chicago 
Sherman). Three radiation sessions. 
Contact Elmer Wheeler, Monsanto 
Chemical Co., Lindbergh & Olive 
Street Rd., St. Louis 1, Mo. 


Apr. 27--30—International Symposium 
on the Physical Chemistry of Process 
Metallurgy, sponsored by Metallurgi- 
cal Society of the American Institute 
of Mining, Metallurgical and Petro- 
leum Engineers, Pittsburgh. Con- 
tact J. F. Elliott, Mass. Institute of 
Tech., Cambridge 39, Mass. 


Apr. 30-May 1—First National Youth 
Conference on the Atom, Atiantic 
City. Speakers include AEC Chair- 
man John McCone and Norman C. 
Hilberry, director of Argonne National 
Laboratory. Contact Bozell & Jacobs, 
2 West 45th St., New York 36, New 
York. 


May 6-8—1959 Electronic Components 
Conference, sponsored by Institute of 
Radio Engineers, American Institute 
of Electrical Engineers, Electronic In- 
dustries Assoc. and West Coast Elec- 
tronic Manufacturers Assoc., Phila- 
delphia (Benjamin Franklin). Papers 
on instrumentation and control de- 
vices and radiation effects. Contact 
Bernard Osbahr, Electronic Indus- 
tries, Chestnut & 56th Sts., Phila- 
delphia 39. 


May 11-12—Symposium on the Indus- 
trial Uses of Radioisotopes, Atlanta, 
sponsored by Georgia Tech, Lockheed 
and AEC. Contact Richard Wiegand, 
Georgia Tech, Engineering Experi- 
mental Station, Atlanta 


May 11—-14—Management Conference of 
Organization of European Economic 
Cooperation on Industrial Prospects 
for Nuclear Energy, Stresa, Italy 
(Palais des Congres). Contact F. 
Aley Allan, Atomic Industria] Forum, 
3 E. 54th St., New York 22, N. Y. 
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May 13-14—First Industrial Radiation | 
Conference sponsored by the State of 
Kentucky, Louisville (General Electric | 
Appliance Park). Contact Norman | 
E. Schell, Dept. of Public Health, | 
630 8. 3rd St., Louisville. 

May 14-15—Symposium on Nuclear | 
Power, sponsored by Univ. of Ver- | 
mont and American Institute of Elec- 
trical Engineers at Burlington, Vt. 
Contact AIEE, 33 W. 39th St., N. Y., 
N \ 


May 18-19—Symposium on Radiation 
Chemistry of Gases in conjunction | 
with annual meeting of Radiation Re- 
search Society, Pittsburgh (Penn-| 

Contact E. L. Powers, 

Argonne National Laboratory, Box | 

299, Lemont, IIl. 


Sheraton). 


June 1-3—Seminar on Radioactivation 
Analysis, Vienna. Contact A. I. 
Galagan, IAEA, United Nations, 
N. Y., or IAEA, Vienna. 


June 1-3—Seminar on Atomic Hazards, 
sponsored by American Management 
Assn., New York. Contact Course 
Registrar, AMA, 1515 Broadway, 
N. Y. 


June @&-11—American Rocket Society 
semiannual meeting, San Diego. Ses- 
sion on nuclear propulsion. Contact 
Stan Gunn, Rocketdyne, 6633 Canoga 
Park Ave., Canoga Park, Calif. 


June 9-11—Conference on Safeguards for 
Radioactive Materials at Canisius 
College, Buffalo, N. Y. Co-sponsored 
by Canisius and N. Y. Dept. of Labor. 
Contact Herman A. Szymanski, Cani- 
sius, Buffalo 


June 14-18—Semiannual meeting Ameri- 
can Society of Mechanical Engineers, 
St. Louis (Chase-Park Plaza Hotels). 


June 15-17—Annual meeting of the 
American Nuclear Society, Gatlin- 
burg, Tenn. Contact Octave J. Du- 
Temple, John Crerar Library, 86 E. 
Randolph St., Chicago 1. 


June 15-20—Congress on Nuclear Energy, 
sponsored by National Committee for 
Nuclear Research, Rome, Italy (Palace 

Scheduled in con- 

junction with 6th International Ex- 

hibition on Electronics and Atomic 

Energy in Rome, June 15-July 5. 

Contact Evandro Benvenuti, via della 

Scrofa 14, Rome. 


of the Conaresses). 


June 18-20—Fourth Annual Meeting of 
Health Physics Society, Gatlinburg, 
Tenn. Contact G. T. Saunders, 
Kewaunee Mfg. Co., Adrian, Mich. 


June 18-20—Society of Nuclear Medi- 
cine, Chicago (Palmer House). Paper 
abstracts due March 1 to Donald W. 
Petit, Univ. of Southern California, 
School of Medicine, 1200 N. State St., 
Los Angeles 33. 


June 24-26—2nd Nuclear Instrumenta- 
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Area-Monitoring 
Instruments 


RIGGS 
Remote Area Gamma 
Monitor (GA-3 Series) 


A completely self-contained, independent system with pressurized loga- 
rithmic response ionization chamber. Model GA-3B has Mercury battery 
supply for 4 months continuous operation. Model GA-3BA same as GA-3B 
but with AC transistorized power supply failsafe to DC. Model GA-3A 
available in AC power supply only. 


RELAY RACK MOUNTING 


The RIGGS four-gang rack unit may be 

any combination of the above GA-3 series 

remote area monitoring instruments. A separate 

power supply is not required. This eliminates the possibility 

of complete shutdown in event of power supply failure or during mainte- 
nance to the monitoring instruments. 

The RIGGS system permits service to each individual unit, when necessary, 
without affecting continuous monitoring by the others. 


General Features and Specifications 


Any continuous combination 3-decade logarithmic ranges from 
.01 mr/hr to 100,000 R/hr. Recorder Output 


Energy Dependence 10 mv operated directly from 
Flat to within + 10% from output of unit. 


80 Kev. to 2 Mev. Electronic or Radioactive Calibration 
Alarm Control System Check System 

Meter relays DC, manual or automatic Complete circuit check of all ranges 

reset. Alarm relay rated 115V AC 5 amps. both ends of scale. 


Multiple Channel Area Monitoring System (AMS-II) 
This system features a console-type cabinet (19" x 21” x 12”), with provisions for ten radiation 
channels, a transistor power supply, electronic calibration, an alarm system, optional fail-safe 
power supply, ionization chamber (hermetically sealed) permits wide temperature and moisture 
variations, completely submersible. Unit requires no external voltage regulation device. The 
same radiation specifications apply to this system as our GA-3 instruments. 


Log Linear Gamma-Beta Portable Survey Meter ( GB-1) 


Log-linear pressurized ionization chamber portable survey meter. Fast response 
time 0 to 1 mr/hr linear and two 3 decade ranges from .5 to 500 mr/hr, .5 to 
500 R/hr. Mercury battery powered—300 hr. continuous operation, one year 
intermittent. Allows fast lab monitoring of low level Gamma-Beta radiation with 
the linear range and incorporates two higher log ranges for general survey work. 
Energy dependence — flat to within +10% from 80 KV to 2 Mev. Other models 


(eee) | 


Write for free illustrated technical 
literature and price lists. 


Patents Pending 


RIGGS NUCLEONICS CORP. 


717 North Victory Boulevard, Burbank, California 
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EMPLOYMENT OPPORTUNITIES 





Lockheed Marries 
LEADERSHIP 
“a 


for immediate 
consideration 
write 

in confidence to 


W. P. Key 


e nuclear products 


e aircraft design 


e operations research 


e special products 


At the GEORGIA Division of 
LOCKHEED positions of significant 
scope and responsibility are open to 
qualified Engineers and Scientists 
in the fields of: 


SYSTEMS ANALYSIS 
RADIATION SHIELD ANALYSIS 
THEORETICAL PHYSICS 
NUCLEAR ENGINEERING 
REACTOR OPERATIONS 
MATHEMATICS 


DESIGN ENGINEERING 
STRUCTURES ENGINEERING 
FLIGHT TEST 

METALLURGY 

OPERATIONS RESEARCH 


SPECIAL PRODUCT DESIGN 


Engineering and Technical Placement 
Lockheed Aircraft Corporation 


834 W. Peachtree St., N.W. 
Atlanta 8, Georgia 


LOCKHEED AIRCRAFT CORP, 
GEORGIA DIVISION 


lel tile Panel telgelre| 


tion Symposium, Idaho Falls, Idaho. 
Contact H. 8. Kindler, Instrument 
Society of America, 313 Sixth Ave., 
Pittsburgh 22, Pa. 


Seminar on Training of Spe- 
Atomic 
Energy, Saclay, France. Contact 
A. I. Galagan, International Atomic 
Energy Agency, United Nations, N. Y., 
or IAEA, Vienna, Austria. 


July 6-11 


cialists in Peaceful Uses of 


July 17—9th Annual International Con- 
ference on High Energy Nuclear 
Physics, International Union of Pure 
and Applied Physics, Moscow. Con- 
tact Robert E. Marshak, Univ. of 
Rochester, Rochester, N. Y. 


July 23-30—9th International Congress 
of Radiology, Munich, Germany. 
Contact Sekretariat des 9, Inter- 
nationalen Kongresses fur Radiologie, 
Reitmorstrasse 29, Munich 22. 


Aug. 17-21—4th International Confer- 
Ionization Phenomena in 
Gases, Uppsala, Sweden. Program 
includes high-temperature plasmas 
and controlled fusion. Abstracts due 
June 15 (350 words). Contact Ake 
Nilsson, Institute of Physics, Uppsala. 


ence on 


Sept. 7-12—Conference on Application 
of Large Radiation Sources in Indus- 
try, with emphasis on chemical proc- 
essing, Warsaw, Poland. Contact 
A. I. Galagan, IAEA, United Nations, 
N. Y., or IAEA, Vienna. 


Sept. 21-25—lInternational Conference 
on High Energy Accelerators and 
Their Instrumentation. Contact 
CERN Conference Secretariat, Ge- 
neva 23, Switz. 





Sept. 22-24—3rd Industrial Nuclear 
Technology Conference on non- 
power applications of nuclear 
technology, cosponsored by Ar- 
mour Research Foundation and 
NUCLEONICS, Chicago (Morri- 
son). Contact Leonard Reiffel, 
ARF, 10 W. 35th St., Chicago 16, 
Ill. 





Sept. 28-Oct. 1—National Power Con- 
ference, cosponsored by American 
Society of Mechanical Engineers and 
American Institute of Electrical Engi- 
neers, Kansas City (Muehlebach). 
Contact ASME or AIEE, 33 W. 39th 
i : ooo 


Oct. 6-9—International Symposium on 
High Temperature Technology, spon- 
sored by Stanford Research Institute, 
Asilomar, Calif. Contact Dept. 734, 
SRI, Menlo Park, Calif. 


Oct. 14-16—Symposium on Radioactive 
Metrology (measurements), Vienna. 
Contact A. I. Galagan, IAEA, United 
Nations, N. Y., or IAEA, Vienna. 


Nov. 16-23—Conference on Disposal of 
Radioactive Waste, Monaco. Con- 
tact A. I. Galagan, IAEA, United 
Nations, N. Y., or IAEA, Vienna. 


April, 1959 - NUCLEONICS 








SEARCHLIGHT EMPLOYMENT OPPORTUNITIES 
SECTION pin ~ sg oS ee ee SE illed, manual, = 
(Clossified Advertising) ac: Service Gpperteniticn — Smployment Agenc 
BUSINESS OPPORTUNITIES eer beara cane Opportunities W foe 
EQUIPMENT—USED or RESALE Part Time Work Selling Opportunities Offered Labor Bureaus 


a 4 DISPLAYED i RATES ——— UNDISPLAYED 
.25 per 
The advertising rate is $21.83 per inch for all $2.10 per line, minimum 3 lines. To figure 
UNDISPLAYED RATE se ising appearing on other than a con- payment count 5 average words as a line. 
$2.10 a line. Minimum 3 lines. tract rates quoted on re- Position Wanted ads are } of above rate. 
(Not Available for Equipment Advertising) Box Numbers—counts as 1 line. 
Send New Advertisements and Inquiries 30 inches to a Discount 5 by if full’ payment is made in 
to Classified Advertising Division insertions. 
Nucleonics stat; to Agency Commission. Not a to ypmescts Commission. 
P.O. Box 12 N.Y. 36, N.Y. Send NEW ADS or Inquiries to Classified Adv. Div. of NUCLEONICS, P. O. Box 12, N. Y. 36, N. Y. 





An “advertising om | is, ee }” vertically 




















SPARE CAPACITY e * 
To Manufacture & Sell in Gt. Britain. Chief Engineer 


Important Manufacturing Company in Gt. Nuclear Instrument Products 


Britain building a new factory in Glasgow has TI 
spare capacity for manufacture of plate and he positic i 
tubular fabrications im Sescl, Seniales Steel le position . .te direct an expanded long range program of product 
and other alloy steels, and also in Non-ferrous development in the broad field of nuclear laboratory instru- 
Metals and Light Alloys, for the Chemical & mentation. 
Nuclear Industries. It invites enquiries from eA . 
patentees wishing to have their products ——- The ( ompany - + Tracerlab, Inc., established leader in the field of 
factured and sold under licence in Gt. Britain. . ‘ , 
nucleonics—young, dynamic and growing. 

Apply WW-9570 Nucleonics ) 
Class. Adv. Div., P. O. Box 12, N. Y. 36, N. Y. The Person. . Should have proven ability to direct the activities of 
engineers and scientists and the capacity for achieving both 
technical and administrative objectives. Background should in- 
clude thorough experience in the electronic or nuclear instru- 


HIGH VOLTAGE RECTIFIERS ments field with academic training at the Bachelor or advanced 


Sah i = ae ae degree level in engineering or related field of science. 


PHOTO MULTIPLIER TUBES Next Step . . quotiied applicants are invited to communicate 
6291 $25.00 directly with W. H. Faulkner, Jr., Vice President, Engineering 

6292 $ ‘i and Development. 
oe (K-1193) 








5 6467 

45. 6911 (K-1292) 
6935 (K-1382) 
7064 ¢ 





1 
1 
Ssea 1 


CALVERT ELECTRONICS INC. 
536 Broodway, Dept. N. New York 12, N. Y. 
Cable Address: Calvertron, N. Y. Tel: CA 6-7400 


1 : 
50. K-1161) J 
6365 58.50 7065 (K-1162) uy 
Partial List, ey 
many additional types in stock not listed 


1601 TRAPELO ROAD, WALTHAM 54, MASS. 




















- CAPACITORS - REACTOR METALLURGISTS 


2a Te ee ee Sought by Battelle Memorial Institute 
— nen eee To men qualified by graduate degree or working experience, we 
Write. Wire. Phone offer both ideal facilities and excellent living and working 

‘ ; conditions. Battelle’s Nuclear Research Center is part of America’s 


MONMOUTH RADIO LABS. leading research organization, located in a cultured, metropolitan 
Box 159 —_ ; 
Capitol 2-0121 Oakhurst, N. J ‘“Across-the-board” nuclear research at Battelle gives you the 
, opportunity to broaden your background—to work in areas of 
greatest interest to you. Outstanding benefits program, exclusive 
sponsored research, pleasant team relationships add up to a most 
desirable position if you qualify. 
I 1 ) 
Your Inquiries to Advertisers Areas we wish to cover: melting and casting reactor materials, 
Will Have Special Value . . . fuel element fabrication, physical metallurgy and _ irradiation 
damage. 
for you— the advertiser — and Write for full information and for the answers to any specific 
the publisher, if you mention this aithidie tas ? 
publication. Advertisers value highly a 
this evidence of the publication you Russell §. Drum 
read. Satisfied advertisers enable the ; 
Nuclear Physics 


publishers to secure more advertisers 


and — more advertisers mean more Battelle Institute 


information on more products or bet- 


ter service — more value — to YOU. 505 King Ave., Columbus 1, Ohio 


ART HANKINS, Owner 
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EMPLOYMENT OPPORTUNITIES 


Vee 
- a re - 
> 
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Artist's concept of the guided-missile cruiser, U.S.S. Long Beach, the U.S. Navy's first nuclear- 
propelled surface warship, now under construction by Bethlehem Steel's Quincy, Mass., shipyord. 


SHIELDING ENGINEERS 


for Naval Nuclear 
Power Plant Development 


Principal duties involve: design of primary and secondary shield- 
ing; performance of special radiation studies pertaining to opera- 
tion and maintenance of nuclear power plants, development of 
computer programs, monitoring, and health physics procedures. 

The Central Technical Department of Bethlehem’s Shipbuilding 
Division, an experienced organization recognized for its technical 
achievements, offers unusual opportunities for qualified shielding 
engineers to participate in our interesting and dynamic nuclear 
power program. 

Minimum qualifications are: 

1. BS in Engineering or Physics. 

2. MS in Nuclear Engineering or equivalent. 

3. At least two years’ experience in design of shielding for 

mobile nuclear power plants or equivalent. 

4, U.S. citizenship. 

If you would like to make full use of your professional training 
in Creative engineering, enjoy easy commuting and be close to 
New England's educational and recreational facilities, by all means 
write to us. Your inquiry will be considered confidential and 
acknowledged promptly. Please send résumé to: 


BETHLEHEM STEEL COMPANY 
Shiji buliing Deveson 
CENTRAL TECHNICAL DEPARTMENT 


Quincy 69, Massachusetts 
Attention: C. H. Goldthwaite, Assistant Manager 





Nuclear 
Reactor 


Sales 
Engineer 


FOR MARKETING OF 
TRAINING AND RESEARCH REACTORS 
TO UNIVERSITIES. 
EDUCATION OR EXPERIENCE 
IN REACTOR PHYSICS 
AND ENGINEERING REQUIRED. 
MUST BE WILLING TO TRAVEL. 
PLEASE GIVE COMPLETE RESUME 
WITH REPLY. 


Personnel Office 
P. O. Box 608 
San Diego 12, California 














7 


SALES 
REPRESENTATIVE 


NUCLEAR 


Immediate opportunity for dy 
namic sales representative to 
join nuclear division of large 
established engineering firm in 


New York City. 


Proven sales ability on engi 
neering services; previous train 
ing and experience in nuclear 
engineering desirable. 
Please send detailed resume in 
strict confidence to: 
P-1135 NUCLEONICS 
Class. Adv. Div., P.O. Box 16, 
N. Y. 36, N. Y. 
CO 

















SYSTEMS MANAGEMENT—Salary $20,000-+ 
One of our major clients needs three men 
capable of management in the systems concept 
of very broad projects in the following fields; 
Navigational systems, weapons support, or 
communications and countermeasures Admin- 
istrative experience a must. Company client 
assumes all employment expense 

Esquire Personne! Inc. 
202 South State Street, Chicago 4, Illinois 
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KAPL Physicist Rudolf 


Slovacek working with Lat 
oratory Developed Time.of 
Flight Analyzer. The grar 
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al The Knolls Atomic Power Laboratory...in Spectra PAystcs 


THE FIRST ALL-TRANSISTORIZED Time-of- 
Flight Analyzer has been developed at 
KAPL to aid scientists in determining neu- 
tron energy distributions in a reactor core. 


Accomplishing in an hour what required 
more than a month with previous equip- 
ment, the new Analyzer measures steady- 
state energy distributions in the range 
from 0.01 to 5.0 electron volts. Each of the 
Analyzer’s 256 channels can store 65,536 
counts; each is adjustable in width from 10 
to 80 microseconds. The data that are stored 
in the memory can be printed on cards 
which are used in a digital computer in cal- 
culating the neutron spectra. 


Advances such as the Time-of-Flight Ana- 
lyzer are consistently being made at KAPL, 
in every technology related to pioneering 


Knolls Alomic Power Laborairry 
GENERAL @@ ELECTRIC 


work in nuclear propulsion for marine ap- 
plications. Hundreds of KAPL scientists 
and engineers like Rudy Slovacek are con- 
tributing new research findings and tech- 
niques in Reactor Physics, Metallurgy, 
Ceramics, Mechanical Design, and other 
fields. Projects benefiting from such mile- 
stones include KAPL’s twin Pressurized- 
Water Reactors for the Submarine Triton 
and a power plant for the world’s first atom- 
ic powered destroyer. 


PROFESSIONAL OPPORTUNITIES 

... exist today for talented physicists, engi- 
neers and metallurgists who are interested 
in contributing to this development. U.S. 
citizenship required; advanced degree or 
related experience preferred. Send complete 
resume and salary requirement to: 

Mr. A. J. Scipione, Dept. 44-MD. 


OPERATED FOR A.E.C. BY 


Schenectady, New York 


Rudolf E. Slovacek is one of a 
number of KAPL scientists con- 
cerned with reactor physics. 
He earned a BSEE at Union 
College in 1945, joined KAPL 
in 1951 after taking his MS in 
Physics at Indiana University. 
Since then he has contributed 
to several KAPL projects. 
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ATOMIC 
POWER DEVELOPMENT 








Design and development work in Detroit on Fast Breeder Reactors for 
use in generation of electric power. Supported by major industrial 


and utility companies. Openings for: 


FUEL FABRICATION SPECIALIST—Study problems and costs associated 
with fabrication of gamma and alpha active plutonium alloy, cermet 
and ceramic fuel elements. Approximately five years experience 


required. 


STRESS ANALYSIS SPECIALIST—Analyze problems associated with fast 
reactor fuel element design in regard to thermal, pressure and bowing 
stresses. Approximately five years experience required. 


REACTOR CORE DESIGNER—Design and analyze from thermal and 
flow standpoint fast reactor cores composed of alloy, cermet and 
ceramic type fuel subassemblies. Approximately five years experi- 


ence required. 


HEAT TRANSFER SPECIALIST—Analyze the complex heat transfer prob- 
lems associated with fast reactor core design and other areas which 


have high heat generation. PhD or equivalent experience required. 


HEAT TRANSFER ANALYST—Analyze heat transfer of power plant 
equipment; familiarity with insulation problems, gas cooling systems, 
steady state temperature and heat flow problems. Engineering grad- 
vate and approximately three years experience required. 


MECHANICAL DEVELOPMENT ENGINEER—Design and development 
of mechanical equipment from minimum specifications. Analysis of 
machine dynamics (stresses, power requirements, bearings, gearing, 
control and transient effects). Knowledge of reactor core material 
handling systems essential. Engineering graduate and approxi- 
mately five years experience required. 


CERAMIST—Study problems associated with cermet and ceramic fuel 
elements and problems associated with nonmetallic shielding and in- 


sulating materials. Approximately five years experience required. 


HEAD, CORE DESIGN SECTION—Supervise approximately ten engi- 
neers in the design and analysis of fast reactor core and blanket fuel 
elements from heat transfer, fluid flow and stress standpoint. Ap- 
proximately five to ten years experience required together with a 
Masters or PhD degree. 


Salaries commensurate with ability and experience. Mail resume of 


qualifications to: 


L. L. Knickerbocker 
ATOMIC POWER DEVELOPMENT 
ASSOCIATES, INC. 


1911 First Street 
Detroit 26, Michigan 


Wanted: 


Editor for 
NUCLEONICS 





Engineer 
with working experience 
in reactor technology 


Send resume, salary 
requirements to 


The Editor, NUCLEONICS 


330 West 42nd Street 
New York 36, New York 








‘Reactor 
Instrumentation Supervisor” 


Wanted for N. C. State College Reactors. 
Reactor experience not necessary but solid 
instrumentation background is needed. Nu- 
clear instrument experience is desirable. Ex- 
cellent opportunity to develop in the reactor 
field. Submit résumé and minimum salary 
requirements to 


H. A. Lamonds 
Reactor Project Director 
Physics Dept 

N. C. State College 
Raleigh, N. € 








ELECTRONIC ENGINEERS 
Design engineers with pulse circuiting experience 
to develop advanced nuclear instruments. Oppor- 
tunity to explore new techniques using transistors 
and other solid state devices. Growing organiza- 
tion, completely based on commercial sales, offers 
good opportunity for advancement. 

Send resume to: P. Shevick 

Nuclear-Chicago Corporation 

223 W. Erie St., Chicago 10, Illinois 








ENGINEER—MANUFACTURING 
Specific experience in fabrication of aluminum 
plate type nuclear fuel elements. 

Bachelor or equivalent degree in mechanics, 
metallurgy or chemistry desirable but not 
essential if sufficiently experienced 

Location: Southeastern Massachusetts 

Please include resume with first letter 


P-1047 NUCLEONICS 
Liass. Adv. Div., P.O. Box 12, N. Y. 36, N. Y. 














YOUR ORGANIZATION 


Is it complete? 
Are you expanding it? 
Making Replacements? 


Naturally, you are anxious to secure 
the most suitable man or men avail- 
able. You want men with the special 
training that will make them an asset 
to your organization. You can con- 
tact such men through an advertise- 
ment in this Employment Opportuni- 
ties Section of NUCLEONICS. 


Classified Advertising Division 


NUCLEONICS 
P. O. Box 12, New York 36, N. Y. 
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PROBING NUCLEAR STRUCTURE 


A critical test of new ideas on nuclear structure and the theory of nuclear 
reactions lies in the measurement of the angular distributions of reaction 
products and their angular correlation. A high degree of precision in the 
experimental data facilitates a detailed comparison with theoretical pre- 
dictions. The unique equipment for the scattering program with the 
Argonne 60-inch cyclotron is specifically designed for a variety of new 
experiments. The remotely controlled 60-inch scattering chamber has 
been constructed to permit the accumulation of data of the highest preci- 
sion at a much greater rate than previously achieved. 


STAFF POSITIONS AVAILABLE FOR QUALIFIED 
Physical Metallurgists, Chemical Engineers, Physicists, 
Mechanical Engineers, Metallurgical Engineers, Chemists, - 
Electrical Engineers, Mathematicians, Technical Writers 


NATIONAL LABORATORY PROFESSIONAL PLACEMENT 


Operated by the University of Chicago under P.O. BOX 299-13 
contract with the United States Atomic Energy Commission LEMONT, ILLINOIS 





PPORTUNITIES 


INSTRUMENTATION and 
CONTROL DESIGN ENGINEER 


needed at 
ATOMICS INTERNATIONAL 


in Southern California 


We are seeking an individual with a BS in Electrical Engi- 
neering and a minimum of two years experience in the design 
of electrical or electronics instrumentation and control systems 
(reactor design preferred). 

The functions of this position will be to design reactor and 
plant protection instrumentation and control systems. 

For information on this interesting assignment, write today. 


Answers will be prompt, confidential. 
Mr. C. D. Newton, Personnel Office, 
21600 Vanowen Street, Canoga Park, California 
(In the suburban San Fernando Valley, near Los Angeles) 


OT ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
PIONEERS IN THE CREATIVE USE OF THE ATOM 


NATIONAL LEAD COMPANY of Ohio 


has need for qualified technical personnel. As contract 
operator for the Atomic Energy Commission, the National 
Lead Company of Ohio operates the Feed Materials Pro- 
duction Center near Cincinnati, Ohio. 


@ANALYTICAL DEVELOPMENT CHEMIST 
Ph.D degree or equivalent. Background should include experience in 
instrumental analysis with emphasis on flame photometry, polarography, 
coulometry and related fields. Ability to write technical reports is 
necessary. 

®PRADIOCHEMIST 
M.S. degree or its equivalent, with a background in radiochemistry. 
Position requires ability and desire to organize and supervise radio- 
chemical programs. Work will consist of varied radioactivity measure- 
ments and tracer work. 

@PHYSICAL METALLURGIST 
B.S. degree in metallurgical engineering or related engineering fields. 
Minimum 3-5 years experience in the metals industry in heat treating, 
metallography, physical testing, and metals process control. Position 
consists of assisting in planning and executing metallurgical projects. 

@PHYSICIST OR MATHEMATICIAN 


Degree in physics or mathematics. Recent graduate capable of con- 
tinved self-study with interest in work on development programs in non- 
destructive testing of uranium fuel elements. 


Please send resume of education, experience, and salary requirements to 


EMPLOYMENT SUPERVISOR, Dept. J-101, 
Psy 


Tead Company OF OHIO 


FEED MATERIALS PRODUCTION CENTER 
P. O. Box 158, Mt. Healthy Station, Cincinnati 31, Ohio 








PERSONNEL MANAGERS 


LOOKING FOR 
Experienced Engineers . . . 
Technical Personnel? 


Write for a free copy of: 


“How You Can Reach The 
Experienced Engineer . . .” 


The top-flight engineers and 
technical personnel you want 
are at a premium. . . as 
this twelve page booklet 
points out. How you can 
reach and influence these 
men is the story told. 


The booklet tells where to 
find the experienced engi- 
neer. It explains how you 
can make contact . . . chan- 
nel and concentrate your 
employment advertising to 
just the men with the job 
qualifications you wont. = In- 
cluded are testimonials from 
personnel men who use tech- 
nical publications success- 
fully . . . sample advertise- 
ments that got results 
helpful hints to consider and 
pitfalls to avoid when you 
prepare your copy and lay- 
out for an Employment Op- 
portunity advertisement. 


Write for your free copy to: 


Mr. Thomas Bender 

Classified Advertising Division 
McGraw-Hill Publishing Co., Inc. 
P.O. Box 12 

New York 36, New York 





April, 1959 - NUCLEONICS 








” 


EMPLOYMENT OPPORTUNITIES 


hy Chemists, 
" PhD, MS, BS 


IN NUCLEAR POWER 


OR FLIGHT 


High strength at high temp@ratures — for long service missions (30 days of continuous 
flight and more are envisaged) is a primary consideration in the selection and develop- 
ment of materials for structures and components of General Electric’s 2nd and 3rd 
generation nuclear propulsion systems for flight application. 


A complex of additional parameters, however, must be taken into consideration by 
G-E engineers and scientists... radiation effects, nuclear properties for specific appli- 


cation, stringent weight limitations, etc. 


Engineers and Scientists who value the opportunity to do original work with a company 
that fosters free inquiry and initiative, are invited to inquire about positions now open 
in both AppLiep RESEARCH and MATERIALS DEVELOPMENT: 


DIRECT processing and procurement of basic alloys 
for elevated temperature applications. PhD, MS, 3-7 years 
experience. 


CONDUCT liaison with technical production and project 
personnel on problems related to quality in fuel element 
production. PhD, MS, 3-7 years experience. 


ADVISE Materials Testing Lab on materials problems 
and techniques. Direct experimental, physical, mechani- 
cal and electrical tests. PhD, MS, 3-7 years experience. 


CARRY ON investigations of reactions in the solid 
state for Materials Testing Laboratories. PhD, Physical 
Chemistry. 


PARTICIPATE in research on advanced moderator ma- 
terials. Investigations in field of ionic, covalent and 
metallic bonding; hydrogen stability in metals at ele- 
vated temperatures; kinetics of advanced moderator 
systems. MS. 


PERFORM laboratory investigations in metallurgical 
melting, casting, fabricating and forming processes. Also 
phase studies; solid solution alloy studies. MS preferred. 


DIRECT studies on materials used in moderator mate- 
rials development. PhD. 


PROGRAM and evaluate specific tests on fuel element 
materials and assemblies. Compile and publish data. 
MS, BS, 5-7 years R&D experience. 


CONDUCT project technical liaison on materials selec- 
tion and processing. Develop design data on materials. 
BS, 5-7 years experience with high temperature alloys. 


CARRY OUT liaison with materials subcontractors. BS 
with 7-9 years experience in development or sales engi- 
neering. 


ASSIST in development of instrumentation for measur- 
ing high temperatures and other instrumentation. MS, 
BS, 1-3 years experience. 


If you qualify, please write in confidence, 
including salary requirements, to: Mr. P. W. Christos, Div. 48 M.D. 
AIRCRAFT NUCLEAR PROPULSION DEPARTMENT 


GENERAL @@ ELECTRIC 


P.O. Box 132 « Cincinnati 15, Ohio 
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EMPLOYMENT OPPORTUNITIES 
A i — . 


Opportunities in Advanced 
Nuclear Development al 


The Knolls 


Atomic Power 


Laboratory 


Continued program expansion has 
generated a number of new pro 
fessional opportunities at KAPL 
An appropriate degree plus at least 
one year of related experience re 
quired for current openings in 
these areas: 
(U.S. citizenship required 


Theoretical reactor physics 

Experimental reactor physics 

Advanced numerical analysis (PhD 
required) 

Advanced engineering mathematics 
(PhD required) 

Mathematical analysis and computer 
programming 

Mechanical Design Analysis 

Materials quality contro! engineering 

Nuclear materials application 

Metallurgical specifications and stand- 
ards 

Process development metallurgy 

Materials irradiations experiments 

Welding metallurgy 

Mechanical metallurgy 

Metallurgical experiment analysis and 
evaluation 

Reactor materials development 

Powerplant performance evaluation 

Reactor instrumentation 

Reactor service equipment 

Powerplant instrumentation 

Reactor materials surface chemistry 

Analytical chemistry, physicochemical 
measurements 


Several of our scientists will pre 
sent papers at the A.M.S. sym 
posium on “Mathematical Aspects 
of Reactor Theory”—on April 23 
and 24 at the Hotel New Yorker, 
New York City. After the sessions, 
these men will be available to 
answer your questions about cur 
rent professional opportunities at 
(A 


Forward your complete resume, 
including salary requirement, in 
strict confidence. Address, Mr. 
A. J. Scipione, Dept. 44-MDA. 


Knolls Alomic: Power Laboratory 


orenatee fom eee OF 


GENERAL @® ELECTRIC 


Schenectady, New York 








Steadily advancing programs at this leading Nuclear firm 
have created several entirely new positions on the profes- 


sional staff. 


Ph.D. PHYSICIST 


Salary range: $10,000 to $15,000 


-to develop theory, analyze phenomena and predict performance 
reactors, and/or recommend experi- 


and characteristics of nuclear 
mental research programs. 


Ph.D. MATHEMATICIAN 
Salary range: $10,000 to $15,000 


to deal with advanced problems arising in the design of nuclear 


reactors and powerplants. 


Ph.D. METALLURGIST 


Salary range: $10,000 to $15,000 


to initiate and evaluate experiments in materials and process de 
velopment; study irradiation effects. 


Inquiries will be held in confidence. Forward complete resume, 
including salary requirement, to: 
P-1142 NUCLEONICS 
CLASS-ADV. DIV., P. O. BOX 12, N. Y. 36, N. Y. 
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WHERE TO BUY 


PROFESSIONAL 
SERVICES 





MAGNETITE and ILMENITE 


Quauity HicH-Densitry SizzEp AND 
Grapep Concrete AGGREGATES FOR 
NucLear SHIELDING 


Nuclear Shielding Supplies & Service, inc. 
175 Main St. White Plains, N. Y. 





ASTRA, Inc. 


For Your Atomic Energy Problems 
Nuclear Analyses. Reactor Specifications and 
Designs, Radiation Shielding Design and Anal- 

Criticality Hazards Studies, Thermody- 
namics and Heat Transfer Analysis, Facilities 
Planning, Health Physics. 
P. O. Box 226 
VAnce 8-4386 


Raleigh, North Carolina 
CABLE: ‘‘ASTRA*’ 








THE MOST EXPERIENCED 


FILM BADGE SERVICE 
ST. JOHN X-RAY LABORATORY 
CALIFON, NEW JERSEY 
Established 1925 








FRANKLIN ENGINEERING 


Physicists, Engineers 
Plans, specifications, investigations, reports. 
Consultants in design of research 
facilities and special equipment. 
Power distribution, Control, High Voltage 
Emergency power, Nuclear shielding 
977 Commercial Street Palo Alto, California 
Phone Davenport 1-4114 








CAN you afford to be without— 
RELIABLE 


FILM BADGE SERVICE 
especially at our low, low rates? 
For Information— WRITE: 
NUCLEAR SERVICE LABORATORY 
“Radiation Specialists" 


P. O. Box 1885 Knoxville 1, Tenn. 





INTERNUCLEAR COMPANY 


Nuclear 1 i and designers 


Economics of Nuclear Power, Reactor Analysis 
and Design, Shielding, Special Applications 


Clayton 5 





Missouri 

















FOR ADDITIONAL INFORMATION 


About Classified Advertising 
Contact The McGraw-Hill Office Nearest You 


ATLANTA, 3, 1301 Rhodes-Haverty Bidg. 
M, MILLER—JAckson 3-6951 


BOSTON, 16, 350 Park Square 
D. J. CASSIDY —HUbbard 2-7160 


CHICAGO, 11, 520 No. Michigan Ave. 
W. J. HIGGENS—MOhawk 4-5800 
D. C. JACKMAN 


CLEVELAND, 15 
1164 Illuminating Building, 55 Public Square 
W. B. SULLIVAN—SUperior 1 -7000 
T. H. HUNTER 


DALLAS, 2, 1712 Commerce St., Vaughn Bidg. 
Riverside 7-5117 
GORDON JONES-F. E. HOLLAND 


DETROIT, 26, 856 Penobscot Bidg. 
D. M. WATSON—WOodward 2-1793 
LOS ANGELES, 17, 1125 W. 6 St. 
P. M. BUTTS—HUntley 2-5450 
NEW YORK, 36, 500 Fifth Ave. 
H. T. BUCHANAN—R. P. LAWLESS— 
Oxford 5-5959 
PHILADELPHIA, 3, 6 Penn Center Plaza 
H. W. BOZARTH—LOcust 8-4330 
T. W. MeCLURE 


ST. LOUIS, 8, Continental Building 
JEfferson 5-4867 
SAN FRANCISCO, 4, 68 Post St. 
R. ALCORN 
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TRANSISTORIZED 


0-859 
GAUSSMETER 


Complete portability for use in field 

or lab 

Reads flux fields up to 30,000 gauss 

Can be equipped to read Earth’s 

field flux density 

Probe is only .025” thick 

Active area of probe .01 square 

inches 

Fully transistorized 

Power Supply: selective from 105- 
125 volt 50-60 cycle 
line or internal bat- 
teries 

Net weight: 8-3/4 lbs. 

Overall size: 13-1/2” high, 8-3/4” 

wide, 7-1/4” deep 


Precision built, completely transis- 
torized, the new D-855 Gaussmeter ac- 
curately measures flux density and de- 
termines “flow” direction. Ideal for 
measuring and locating “stray fields”, 
plotting variations in strength and 
checking production lots against a 
standard. It’s simple to operate. The 
Dyna D-855 doesn’t require jerk or 
pull, gives no ballistic reading. Can 
be operated in the field with batteries 
which are enclosed in rugged protec- 
tive carry case. This is an improved 
version of the pioneering D-79 Gauss- 
meter (Pat. #2,707,769) which has 
modernized magnetic flux measurement 
for the past six (6) years. 


DYNA- EMPIRE Inc 
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STONITE 

MOLDED COIL. 
COPPER TUBING 
ENCAPSULATED 
IN CLEAR EPOXY. 


STONITE 
CUSTOM-MADE 


COILS! 


ASSURE SAFETY 
LONG LIFE 


For industrial, electronic and armed forces appli- 
cations, STONITE coils are <esigned and engi- 
neered to strictest specifications. 
Here is outstanding manufacturing versatility, 
coe this wide range of STONITE custom-made 
coils: 
PAPER SECTION * FORM WOUND * LAYER BOBBIN 
PRECISION WINDING * HIGH TEMPERATURE COILS 
COPPER AND ALUMINUM CONDUCTORS 


Round. Saquar Dart, 1 
od * ta 7 





Also Round, Square, Rectangular tubing 


ton 
peetle 


* BOUNDLE EXPERIENCE, QUALITY 


* WIDEST SIZE RANGE. ANY QUANT 
¢ TOP RESEARCH, ENGINEERING FA 
* FINEST MATERIALS, WINDING SERV 
VANCED TOOLING 
CONTINUOUS PROCESSING CHE 
‘Lhigamilil} 
* WIDEST, MOST VERSATILE RANGE 
CATIONS 


Write, describing your require- 
ment and request a sales en- 
gineer call. Also ask for the 
illustrated STONITE story. 


RIGHT: STONITE 
HIGH TEMPERATURE COIL. 
BOBBIN WOUND TYPE. 


Sto 


ROUTE =130 


ole] | Sele) i 
YARDVILLE, NEW JERSEY 


JUniper 7.7323 





Stainless 
Reactor 
Components 
Brazed with 
NICROBRAZ* 


Many new developments contrib- 
uted to the success of the Shipping- 
port (Pa.) Atomic Power Station. 
Among them were the specialized 
brazing techniques provided by Wall 
Colmonoy Corporation to Westing- 
house Electric Corporation, which 
designed and developed the nuclear 
portion of the Shippingport Atomic 
Power Station under the direction 
of and in technical cooperation with 
the Naval Reactors Branch of the 
U.S. Atomic Energy Commission. 


Wall Colmonoy did brazing and leak 
testing of instrumentation parts for 
use within the reactor vessel. Wall 
Colmonoy’s own Nicrobraz high- 
temperature service brazing alloys 
were utilized. Their specialized abili- 


Bottom support plate of Shippingport's Core 1 
with instrumentation sections attached. Insert 
photo shows close-up of a tube sheet joint brazed 
with Nicrobraz for the core instrumentation. 


ties and products might well be of 
great value to your operations. For 
more information, write to: 
STAINLESS PROCESSING DIVISION 
Wall Colmonoy Corporation 

19345 John R Street, Detroit 3, Michigan 


There are Wall Colmonoy furnace plants 
located in Detroit, Michigan; Morrisville, 
Pennsylvania; and Montebello, California 








ZIRCONIUM OXIDE 
FOR 
NUCLEAR APPLICATIONS 


Standard and Custom Fabrication of 
Zirconium Oxides, Commercial or Re- 
actor Grades for Research, Metallurgy 
or High-Temperature Reactor Systems. 





Pp e 
materials contamination of melts or need 
low cross section refractories? Problem 
solving nuclear ceramics available in many 
forms include: tirconates, thorie, spinels, 
rare earth oxides, refractory metal oxides 


Write for prices and technical information. 


Ram Mixes « Tubes + Wash Coating ZIRCONIUM 
Heat Shields + Brick + Pouring 


Nozzles + Custom Shapes + Crucibles 
. OXIDES 
Setter Plates + Kiln Furniture % 
and 


TEMPERATURE 
ZIRCONIUM CORPORATION OF AMERICA *s 
31806 SOLON RO . SOLON, OMO MATERIALS 


192 








New higher sensitivity 
GAUSSMETERS 


= 


Rawson-Lush patented Rotating Coil type, 
now available with a wide range of coil 
sizes to give different sensitivities. New large 
coil type 726 indicates the Earth's magnetic 
field. 
FEATURES—tType 726: 
® Ranges 3 — 10 — 30 — 100 — 300 — 
1000 gausses full scale, all in one in- 
strument. Tip diameter 1}”. 
® Guaranteed accuracy 1% of better. 
Readings are obtained on a high-qual- 
ity laboratory type meter with a five 
inch scale length, knife edge pointer, 
mirror scale. 
® Does not require field uniformity. Coil 
gives average field over its volume, so 
a distorted field can be measured. 
® Measures component of the field in a 
desired direction, as well as total in- 
tensity. 
®@ Simple operating principles, simple to 
use and maintain. 
® Compact and portable, just one meter 
and long probe unit. 
Also available—type 504 Fluxmeter, for 
measuring lines in magnetic circuits. Send 
for bulletins. 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


fine instruments since 1918 
114 Potter Street Cambridge, Mass. 
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CUMULATIVE reporting of radiation 
exposure now on every report 
with Landauer film badge services 


The report tells at a glance the cumulative exposure to radiation for each of your people 
wearing a Landauer film badge. This new report, made possible by recently-introduced 
electronic recording and reporting equipment, gives three sets of figures for each film 
badge used in monitoring — the totals for the week, the totals for the past 13 consecutive 
weeks and the totals for the calendar year. 


The most recent 13-week cumulative totals, shown on every report, give you prompt 
notice of any near maximum exposure, even though the exposure is spread over different 
calendar quarters. 


Landauer film badge services include monitoring of exposure to beta, neutron, gamma 
and x-ray radiation. There is a plan to meet your specific requirements. 
Special features of Landaver film badge services: 


e Maximum legal protection (resulting from independent exclusive service not subject 
to conflict of interest, as in the case of services offered by multiline firms or in self 
operated programs) plus unequalled experience and professional standing. 


¢ Quick change film badges (no need to return the badge each week or any other time 
during use). 


e Wrist and ring badges available for special uses. 
e One to two day reporting (even for neutron badges). 


e Most advanced techniques to provide the broadest possible range of radiation measure- 
ment, the widest quantitative coverage and the lowest detection limits. 


e Meets all state and federal requirements as well as National Committee on Radiation 
Protection recommendations and does so in the most useful and convenient manner 
ever devised. 


You can depend on R. S. Landauer, Jr. & Co. when it counts most. The many leading 
firms and institutions using Landauer film badge services will gladly confirm this reliability. 


R. S. Landauer, Jr. & Company 

Send for the 3920 216th St., Matteson, II!., Pligrim 6-7900 
new brochure 

giving complete 

information on 

Landauer Film 


Badge Services 


Send me your new 8-page brochure, “Landaver Film 
Badge Services.” 
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RIDL Areseats... 


MODEL 50-9 


Now — for researchers who want the best, RIDL presents the all new Model 
50-9 X-Ray Scintillation Spectrometer consisting of: 


@ Model 10-2 X-Ray Scintillation Counter 
@ Model 33-1 Single Channel Analyzer 
®@ Model 35-5 Count Rate Meter 

@ Model 49-12 Scaler 

@ Two Second Brown ElectroniK Recorder 


This system has been specifically designed for work in X-Ray detection and 
measurements and offers unexcelled performance and dependability. 


The Model 10-7 is an optimum design, low noise, high speed counter espe- 
cially suited for these applications. As shown in the above spectogram, the 
6 KEV Barium L X-Ray from Cs'57 is clearly resolved by this unit. The 
10-7 may be obtained with mounting flanges for attachment to standard 
X-Ray Diffraction Systems. The unit includes a gain of 10 preamplifier, a 
selected photomultiplier tube and a specially fabricated, thin Nal (TI) 
X-Ray crystal. 


Use of the 50-9 offers greater facilities for research into areas such as 
measurements of X-Ray absorption coefficients, studies of crystalline struc- 
ture, etc. 





The Model 50-9 is just one of the many excellent instrument systems 
manufactured by RIDL. REMEMBER, whatever your instrumentation 
problem may be, RIDL has the solution. Our staff is always available 
to answer your inquiries. Write to Dept. RDS for complete information. 











SEE US AT BOOTH NO. 17 AT THE ATOM-FAIR 


Radiation Sitieariaal 
Developm ent Laboratory, Inc. 


———_/ 5737 $. Halsted St., Chicago 21, Ill. TRiangle 3-2345 
Representatives in major cities 








Sylvania-Corning Nuclear 
Corp. : 
Technical Associates 


Technical Measurement 
Corp. 


Texas Instruments Incorpo- 


Tracerlab Inc. 
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cail KE for plant expansion or new facilities 


INGENUITY 


has made KE the experienced leader in nuclear projects 


Cost-saving and time-saving ingenuity, plus a wealth of 
nuclear experience—these are two of many reasons why 
Kaiser Engineers has been selected for so many of 
America’s challenging nuclear projects. To date, construction 
value of KE nuclear projects is more than $200,000,000. 


KE provides complete nuclear engineering and con- 

struction services—including concept feasibility, reactor 

criteria, facility design, construction and test operations. 

Proposed Gas Cooled Power Reactor KE nuclear specialists are ready to serve you today. 


Plant designed by Kaiser Engineers for 


the Atomic Energy Commission. Call KE for design and construction, or any aspect, of 


nuclear research, production or power facilities. 


Kase KAISER IN engineers-contractors 
ENGINEERS ENG EERS Contracting since 1914 
Division of Henry J. Kaiser Company - Oakland 12, California - New York, Pittsburgh, Washington, 0. C., 
Buenos Aires, Caicutta, Montreal. Rio de Janeiro, Sydney, Tokyo 
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ig” . 
First Atomic Reactor Showing Graphite Blocks and Fuei Cylinders 


SAFER TO HANDLE BEFORE 
AND AFTER EXPOSURE! 


The original graphite used in 1942 in the world’s first nuclear 
reactor (above) is now being used in the exponential assembly 
or subcritical reactor (left) recently constructed at Argonne 
National Laboratory operated by the University of Chicago 
under contract to the Atomic Energy Commission. 

After its initial operation at West Stands, Stagg Field, Uni- 
versity of Chicago, the original reactor was dismantled and re- 
assembled at Palos Park Site. Again in 1955, it was dismantled 
and much of its graphite has been used in constructing this 
exponential assembly. 

NATIONAL CARBON considers the safety features of its graph- 
ite important. It’s safer to handle, it’s safer structurally, and 
it’s safer for university use. 

Its ability to withstand tremendous heat—gaining in strength 
as temperature rises—prevents melt-down even with tempera- 
ture excursions. 

Whatever your needs .. . a moderator, reflector, thermal col- 
umn, fuel element concepts, control rods, molds, crucibles... 
remember that no other material today has so many useful 
nuclear properties as does “National” Nuclear Graphite. 






——_ . Write today for 
Subcritical reactor utilizes 30 tons of graphite first used at Stagg Field, = “New 8-Page Brochure 
University of Chicago in 1942. V. H. Shoemaker, of the International ‘National’ Nuclear Graphite” 
School, Argonne National Laboratory, is inserting indium foil oS 


UNION 
National’ and ‘‘Union Carbide” are registered trade-marks of Union Carbide Corporation CARBIDE 
NATIONAL CARBON COMPANY : Division of Union Carbide Corporation - 30 East 42nd Street, New York 17, N.Y. 
SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco « IN  ANADA: Union Carbide Canada Limited, Toronto 





